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INTRODUCTORY LETTER.

WasHINGTON, July 4th, 1860.
Proressor Josern HeNry, LL.D., .

Secretary of the Smithsonian Institution :

DeAr Sir: The records of the tidal observations made under the direction of
Dr. Kane, in the second Grinnell Expedition to the Arctic Regions, were placed
in my hands by his late lamented father, Judge Kane, in December, 1857.

Dr. Kane had selected Assistant Charles A. Schott, of the U. S. Coast Survey, for
the reduction of a considerable portion of the observations made on that expedi-
tion; and I, therefore, placed them in Mr. Schott’s possession for reduction, and
recommend his paper for publication in the “Smithsonian Contributions to
Knowledge.” It is proper to state that the computations were at the expense of
the Smithsonian Institution. This is the sixth and last paper of the series.

Very respectfully, yours,
A. D. BACHE,

Superintendent U. S. Coast Survey.



RECORD AND REDUCTION OF THE TIDES.

Tre observations and discussion of the tides at Van Rensselaer Harbor, the
winter quarters of the Advance during 1853-54 and 185455, will form the last of
the series of papers on the results of the expedition, prepared by me for publication.

Occasional tidal observations were made after passing Smith Straits, when,
owing to the peculiar navigation through the narrow openings between the coast
and the bay ice, the vessel was much exposed to the tidal action, frequently
grounding at low water, and otherwise, by taking advantage of high tides, slowly
advancing to her winter quarters.

The bay, near the head of which the Advance was laid up, and used as the
winter quarters by Dr. Kane's party, is freely exposed to the north (true) and
northwest; the indentation of the shore line is about five miles; some rocky islands
are situated within the bay.

Shortly after the vessel entered the harbor a tide staff was arranged, and a
series of tidal observations was commenced on September 11, 1853, and continucd,
with occasional interruptions (partly owing to defects in the pulley-gauge, after-
wards rigged up, and partly owing to other unavoidable accidents) till the 24th of
January, 1855, on which date the regular log book appears to have been discon-
© finued.

The several series of observations during this period are of very unequal value,
as will appear in the detailed examination and discussion of the results. The
difficulties to be overcome in the attempt to secure a reliable set of observations
were considerable, those of a physical nature being the greatest. The observations
with the staff or sounding line are subject to irregularities from a slow movement
of the vessel, which, though imbedded in ice during the greater part of the year,
is yet not stationary; these observations may also be affected by the softness of the
bottom; the observations by means of a pulley tide gauge may be defective, on
account of a slow drift of the vessel and motion of the ice field, also in consequence
of a lengthening or shortening of the rope, or it may be in consequence of slipping
of the rope on the circumference of the wheel. The latter defect, or one similar
in its nature, has been a source of much annoyance, requiring the application of
corrections to the readings, in order to refer all observations to the same zero of
the scale. There is another defect to which pulley-gauges are subject, namely, the
gradual rise of the vessel, in consequence of the consumption of provisions and
fuel. Notices of these defects will appear in the subsequent discussion.

The pulley-gauge is described by Dr. Kane, in volume I of the Narrative, p.

117, as follows: “ Our tide register was on board the vessel, a simple pulley-gauge,
1



2 RECORD AND REDUCTION OF THE TIDES.

arranged with a wheel and index, and dependent on her rise and fall for its
rotation.” :

In order to ascertain the nature of the tides, as well as the degree of accuracy of
the different observations, the readings were roughly plotted for a first examina-
tion ; the following series were found suitable for discussion :—

Series 1. From October 10th, 1853, to December 28th, 1853.—This series, with
the exception of three days, is complete; the observations in the latter part of
December appear to be of less reliable character. The observations between Sep-
tember 11 and October 4, 1853, are too fragmentary to be used. The pulley-gauge
observations between October 4 and October 9 seem to have been only experi-
mental. The hourly readings are superseded by half-hourly readings on November
8, and continue half hourly, day and night, to the end of the series. After
November 28, corrective soundings were taken at noon each day. In order to
make use of these soundings, the mean depth of the water at the anchorage was
deduced from them as follows:—

Mean reading.
December, 1853. 43.8 feet, from 31 soundings (at noon).

January, 1854. 44.9 21
February, ¢ 443 17
Mareh, “ 43.3 19
April, “ 41.8 20
May, 485 9

The individual éoundings will appear in the record following.

Mean depth of water at anchorage, in winter, 1853-54, 43.6 feet, as obtained
from 117 soundings. The monthly mean values for the tidal level accord well,
and show that no lateral change took place in the position of the brig (or else that
the bottom was level). It will be seen that for Series I the reading 7.0 was
adopted to express the mean level, the zero of the scale was, therefore, at an eleva-
tion of 36.6 feet from the bottom. The readings of the pulley guage are expressed
in feet,” as I have been informed by Mr. Sonntag.

Series I1. From January 28th, 1854, to April Tth, 1854.—~The double half-hourly
readings of the pulley-gauge are continued. The series is complete with the
exception of ten days, which had to be omitted. The register broke January 22d;
observations commenced January 24th, but were not sufficiently regular for use

! The following note is appended : One end of the cord represented a fixed point, by being anchored
to the bottom; the free end, with an attached weight, rose and fell with the brig, and recorded its
motion on the grooved circumference of a wheel. This method was liable to objections, but it was
corrected by daily sonndings. The movements of our vessel partook of those of the floe in which she
was imbedded, and were unaccompanied by any lateral deviation.

? The following is an extract from Mr. Sonntag’s letter to me, dated New York, March 23, 1860 :
‘“The circumference of the wheel (of the pulley-gauge) was divided into feet and tenths of & foot, and
the records by the sounding line are also expressed in feet and decimals. The records of the wheel

are very uncertain, as often the rope slid over the wheel without turning it, owing to the ice which
surrounded the axis.”



RECORD AND REDUCTION OF THE TIDES. 3

until January 28th. The corrective soundings at noon are continued, with occa-
sional omissions, throughout this series. After April 7th there is a break in the
observations, those between the 14th and 20th appear to be irregular.

Series I11. From April 20th, 1854, to August 3d, 1854.—The double half-hourly
readings of the pulley-gauge continue to May 5th, after which date single half-
hourly readings are recorded. The corrective soundings cease on the 12th of May.
Interruptions occur between May 4th and May 7th, also on July 8th, also between
July 15th and 18th, and between July 20th and the 28th. On the 8th of August
the brig was released from her ice cradle, and rose two and a half feet; occasional
warpings of the brig after this date render the observations worthless. On the
23d of August the brig was in but seven feet of water, and grounded.

SERIES IV. From September Tth, 1854, to October 22d, 1854.—The hourly obser-
vations assume again a more regular appearance on the 7th of September; they
were taken with the sounding line, and are expressed in fathoms and feet (as stated
in a note, August 12th). The following note is of October 21st, 1854: “The tide
register as yet not rigged, observations very faulty by sounding line.” The irregu.
larities increase after this date; on the 15th of November following, the tide
register was arranged, and observations (hourly) commenced on the 17th; the slip-
ping of the rope, however, was of so frequent occurrence and of so great an extent,
that it was considered better to take no further notice of these observations; the
record continues to January 24th, 1855, when the strength of the party no longer
permitted due attention to the tidal phenomena.

- It was apparent that before any closer insight into the nature of these tides
could be obtained, they must first be reduced to the same zero or mean level of
the sea. To effect this in a manner apparently best suiting the case, and otherwise
unobjectionable, two curved lines were traced on the diagrams, the upper one
enveloping the highest high water of each day, the other enveloping the lowest
low water of each day; in tracing these-lines some allowance was made, when
necessary, for disturbing causes, so as to obtain tolerably smooth curves; cases of
abrupt changes were, of course, treated accordingly. A line, equidistant from
these curves, was assumed as representing the mean level, and when straightened
out was adopted as axis of the mean level of the sea. The corrections to refer
each observation to this adopted mean level; or, in other words, the corggctions
required to refer each observation to the same zero of the scale, so as to make them
comparable with each other, were taken from the projection, and are given in the
column headed * reduction,” in the following record.

This method of treatment excludes necessarily in Series I, II, and III, any dis-
cussion of the variation in the mean level of the sea, the oscillations of which have
been found small at other places. As an illustration of this, the tides at Singapore
might be referred to; the Rev. W. Whewell (7th series of researches on the tides,
Phil. Trans. of the Roy. Soc., Part I, 1837), finds for these tides that, if a line is
drawn representing the mean height (midway between high and low water each
day) it is very nearly constant, though the successive low waters often differ by six
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feet (on account of the diurnal inequality), the mean level only oscillates through
a few inches. It appears from Mr. Lloyd’s paper (Phil. Trans. of 1831) that the
mean level at Sheerness is higher in spring tides than in neap tides by seven inches
nearly; also there seems to be no doubt (as shown by Mr. Whewell, Pkil. Trans.,
1839 and 1840) that the mean level increases as the moon’s declination increases,
amounting to three inches at Plymouth, when the moon’s declination is 25°; at
Petropaulofsk and Novo-Arkhangelsk the mean level rises as the moon’s declina-
tion increases.

The use of the soundings intended to furnish corrections to the readings of the
pulley-gauge is in many cases a doubtful remedy, on account of the continued change
in the zero of the wheel’s index; in fact, it would have required numerous soundings
at other hours than noon. As it is, a combination of the corrections by enveloping
curves and soundings had to be adopted. Thus, for December 5th, soundings at
noon 43.0 feet (see record further on), mean level 36.6, hence reading of scale at
noon 6.4; reading of pulley-gauge at that hour 19.0, correction by curve —12.5,
corrected reading 6.5, which agrees with the first number; this.is, however, a very
favorable case. For intermediate hours the correction as given by the curves serve
as guides. The reduction to the same level affects the times generally very little.

The following table contains the soundings taken at noon between the interval

of the first and second series, those taken during the series being given in the
record.

SounpiINGgs AT NooON,

1853. Fath. Feet. Inch. Register. 1854. Fath, Feet. Inch. Register.
December, 29. 7 3 0 January 13. 7 3 6
30. 8 0 0 18.1 (changed.) 14, --- --- ---
31. 8 2 0 15. 8 1 0
1854, Jan. 1. 8 1 6 1. 7° 2 6
2. 8 1 6 17T, e-e wee -as
3.7 b 6 18. 7 3 9
4. 7 3 0 Changed to 16.0 19, 7 b 6
5. 1 1 6 20. 6 3 0
6. 6 4 6 Changedto10.5 21, 4 0 Changed to 10
.6 3 0 22. Tide register broken.
8' - P - - 23' 4 6’ 143
9. 6 4 2 24. “ “ “
1. 7 0 0 95, enn men ae-
IL --- cmw ees 26, --- --n ---
12,7 4 0 27. % 1 ?
The following soundings were taken between the second and third series:—
1834. Fath, Feet, Inches. 1854, Fath. Feet.  Inches.
April 8. 6 5 6 April 16. 7 b 6
9. 6 4 0 (Fall 15 feet 8 inches.)
10. 7 0 6 1. 6 5 0
11 6 5 6 at 20 minutes to 5.)
18, 7 4 0 as. 6 0 0
141 1 5 6 at 8 15= P. M.)
15. 8 0 0 19. 6 2 0
(Low water to high water 14 ft. 8 inch.)

* For the past ten days the tide register has not been reliable on account of the rope slipping.
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The note of February 3d, 1854, is very instructive in regard to the effect of the
tides on the ice floe, viz: “The enormous elevation of the land ice by the tides
has raised a barrier of broken tables seventy-two feet wide and twenty feet high
between the brig and islands. This action has caused a recession of the main
floe; our vessel has changed her position twenty feet within the last two spring
tides, and the hawser connected with Butler Island parted with the strain.” The
cutwater of the brig was then 280 feet from the margin of the ice.» (Note of
February 4th.)

The mean of all the soundings taken during the fourth series is very nearly
fifteen feet, hence the constant index error, to refer the observations to the level
previously adopted, is eight feet, which correction was applied, converting at the
same time the record of fathoms into feet.

The following tidal record extends, therefore, over about nine and a half luna-
tions between October 10, 1853, and October 22, 1854, during which interval the
time and height of nearly five hundred high and as many low waters were secured.

Record of the Observations of the Tides at Van Rensselaer Harbor, North Greenland,
in 1853, 1854, and 1855,

PosrTioN of THE WINTER (QUARTERS,
Latitude 78° 87 north, and longitade 70° 53, or 4* 43™.5 west of Greenwich.

The first column for each day is copied from the original log-book, the second
column contains the reduction to the adopted zero of scale found graphically as

explained, and the third column contains the observations referred to the same
mean level,

1 Bee my discussion of the astronomical observations of the expedition in vol. XII of the Smiths
sonian Contribations to Knowledge, 1860. .




Adopted reading of mean level 7.0, expressed in units

October, 1853,

Increasing numbers indicate rise of water.

of the scale.

RECORD AND REDUCTION OF THE TIDES.
Ser1ES I.—TmAL OBSERVATIONs FROM OcToBER 10, 1853, To DECEMBER 28, 1853.

Hourly observations on the pulley-gauge.
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RECORD AND REDUCTION OF THE TIDES. 9

SzeriEs I.—TinAL OBSERVATIONS FROM OcToBER 10, 1853, To DECcEMRER 28, 1853.
Hourly observations en the pulley-gauge. Adopted reading of mean level 7.0, expressed in units
of the scale. Increasing numbers indicate rise of water.
November, 1853.
Mean |11th.| Red. |Ref.{12th.] Red. |Ref. [13th.] Red. |Ref. [14th.] Red. | Ref.|15th.| Red. |Ref.]I6th.| Red. |Ref.
solar obs. to | obs. to |obs. to | obs. to |obs. to |obs.
hour. level. level. level. level. level, level.
6.1{—0.71 5.4 16.8: —6.5 [11.3
1 4.6 £ 3.9] 6.0/ —0.9| 5.1} 8.8 —1.6] 7.2{11.5| —4.1 | 7.4{13.0| 5.2 | 7.8]16.1] « 9.6
4.4 « 3.7
2 136/ —0.8] 2855 “ 4.6] 6.7 « 511 91| ~4.2] 4.9[10.0; « 4.8{14.7| —5.6 | 9.1
3.1 “ 2.31 4.5 « 3.6
3 |35 « |27]40|—1.0| 3.0} 49|—1.7]3.2] 7.5]—4.3]3.2]8.0 <« |28[130] « |74
3.61 « 28] 4.0 « 3.0] 4.6 2.91 7.0 « 2.7
4 | 41| « 3.3] 3.8 « 2.8{ 44|18 2.6] 6.5] —4.4] 2.1] 6.6] 1.4110.5] « 4.9
4.1 “ 3.11 4.5 ¢ 2.7 6.6 2.1] 6.0 « 0.8} 6.1{ —5.7 | 0.4
b 5.0 « 4.2] 4.6] « 3.6] 4.5| —1.9] 2.6} 6.5 “ 2.11 5.9 « 0.7} 6.1 “ 0.4
5.0 3.1} 6.5 « 2.1} 5.9 « 0.7} 6.3| —5.8 | 0.5
6 5.6 « 4.8] 7.1 “ 6.1} 5.5| « 3.6] 7.0) —4.5 | 2.5] 6.2] « 1.0] 6.3 « 0.5
7 8.0] ¢- |7.2]86 « 7.6] 7.5{ —2.0| 6.5§ 9.0 « 4.5 8.0, « 2.8] 7.3]—5.9| 1.4
837 « 7.5
8 8.5 “ 8.7110.5] « 9.5:10.2) —2.1| 8.1{12.4| —4.6 | 7.8{10.5] « 5.3110.0] —6.0 | 4.0
10.3] « | 9.5{11.5) « [10.5
9 03| « 9.5112.0] « |11.0{12.7] * [10.6]155] # [10.9]12.9} « 771271 « 6.7
10.0] « 9.2112.21 ¢« 11.2;13.0{ ~—2.2 |10.8
10 j10.0f « 9.2112.2] « |11.2{13.7{ <« [11.5{17.0|] —4.7 112.3]16.0] <« [10.8{16.4} —6.1 |10.3
12.00 “ 11.0{13.7{ —2.3 [11.4117.5| —4.8 j12.7417.3] « [12.1
11 9.5 « 8.711.7| —~1.1 |10.613.5] *« |11.2{17.3| —4.9{12,4]18.5] « 113.3{17.9} « [11.8
12.9] « {10.6Q17.1] =« [12.2l18.5{ « |13.3118.5|—6.212.3
Noon | 7.5{ « 6.71 9.0 « 7.9112.1] —2.4 9.7{16.41 —5.0 {11.4{18.3{ —5.3 {13.0}19.9| —6.3 |13.6
18.0] « [12.7/19.9] « (13.6
1 6.0 « 5.2] 8.0f « 6.9{11.1| 2.5 | 8.6/14.1| « 9.1]17.6f ¢ [12.3]18.7{-—6.4 12.8
2 {53 « 4.5] 6.3 « 5.21 9.1, —2.6 6.5{12.0] ¢« 7.0{15.5] *« [10.2[17.8{ ¢ {115
5.3 « 451 5.6 ¢ 4.5
3 {b50) « 42149 « 3.8} 7.8| —2.7| 5.1] 9.3 —5.1{ 4.2]12.0] « 6.7[15.0f « 8.6
5.0y « 4.24 5.0 “ 3.9
4 |55 « 4.7 5.0f « 3.9163 ~—28]| 35|85 « 3.4110.31 « 5.0]12.6 ] —6.5 | 6.1
5.0{ « |39 9.0 ¢« 39195 « |42
5 6.6 « 5.8] 5.5|{-—1.2{ 4.3] 6.3/ —2.9 3.4] 8.0; ¢« 2.9} 8.9 « 3.6]10.6 = 4.1
5.5 « |26}80] « !29/8¢9] « |36010.3|—67!36
6 |80 « 72164 % {5255 —3.0] 25|85 —b52] 3318954 35{10.0] « 3.3
6.8 ~3.1| 3.7 8.9 « 3.5/10.0 —6.8| 3.2 §-
7 j10.0f « 8.2 7.7, ¢ 6.5] 8.7, —3.2| 5.5} 9.6] ¢ 4.4] 9.2] « 3.8110.0| —6.9 | 3.1
11.0] = 413
8 [11.4] —0.9 iO.ﬁ 10.4| 1.8} 9.1]11.0} —3.3 | 7.7[11.4; « 6.2{10.7{ « 531115 7.0 45 I
11.8] « [10.9 ‘ :
9 h2.7| « {11.8{11.8] ¢ [10.5]13.7|~—3.410.3/13.1| * 7911871 « &3#14-0 # 170
12.7). # [1L.8§12.8] ¢ }11.6 - : o
10 2.1 ¢ 111.2{12.7] —1.4 [11.3 [14.4{ —3.6 10.8{14.7] ¢« 9.5{16.6] “ [11.2{16.0f # 203
12.5]  « 111.1114.5]| —3.7 [10.8]15.07 « 9.8 ‘
—3.8
.9
0




10 RECORD AND REDUCTION OF THE TIDES.

SerIES I.—TripaL OBSERVATIONS FroM OcTOBER 10, 1853, T0 DECEMBER 28, 1853.
Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units
of the scale. Increasing numbers indicate rise of water.
November, 1853.
, 1
Mean {17th.. Red. | Ref |18th.] Red.  Ref.!19th.| Red. {Ref. 20th.| Red. |Ref. |21st.| Red. [Ref.|22d.| Red. |{Ref.
solar i to |obs. to | obs. to ! obs. to |obs to | obs. to | obs.
hour. i level. | level. | Tevel. | level. level. level.
17.80 —7.2 10.6] 1.4|412.3/13.7{16.5 | —6.7 | 9.8{16 5| —8.2 | 8.3
1 1700 « l 9.8] 1.0« ]13.3 16.50 “ ‘ 9.8117.01 ¢ 8.8[17.3| —9.6| 7.7{ 3.5|-4+3.2| 6.7
\ ; 20.3| —7.6 12.716.51 “ | 9.8|17.4|—8.3 | 9.1|17.5] « | 79|39 « |71
2 [6.0; —7.3 8.7]20.0| —7.5 12.5[16.0 4 1 9.3116.8 s 8.5 ]17.6 ¢ R.0§ 4.3 +3.1| 7.4
: | 1760 « | 80|44\ 430|174
3 (149 —74)7.5]18.0] ¢ 110.5]15.1) —6.8 83160 « 7.717.61 —9.7] 7.9| 4.5} 4+2.9| 7.4
: 1 1700« | 7.3| 45| « | 7.4
4 12.00 —7.5! 4.5|16.5 “ 9.0]13.8 “ 1 7.0114.5| —8.4 | 6.1{16.5 o 6.8] 4.0| +2.8 6.8
5 1104 « 2.9:14.3 —7.4 | 6.9111.4| —6.9 | 4.5]12.7| « 4.3{13.67 ¢ 3.9] 3.2 4-2.6 | 5.8
6 |98 —7.6122135 « 61§02 « |330120 —8.5]3.5/13.4| —9.8] 3.6] 3.5/ +2.51 6.0
9.00 % 14i..-] o« 9.5 —7.0 2.5 13.2) « | 3.4
7 9.6, —7.7 1 1.3} 7.2/ —7.53 |-0.1] 9.0, —7.1 | 1.9/11.6| « 3.113.00  « 3.21 3.3! 2.4 5.7
lo.00 « L 231 7.5 “ t 0.2110.0 E —7.2 2,8]11.2 ¢ 2.7113.0 « 3.21 3.0 “ 5.4
g8 {11.0, « 133|178 « |05 10.2{ —~7.3! 2,9111.2] —8.6 | 2.6]13.0 « 3.2] 3.0/ 4-2.3 | 5.3
E 9.6 « ‘z% ‘ | nLs| o (290300 « |32fas| « |51
9 |13.5, « | 5.811.9| —7.21 4.7]12.0{ ¢ | 4.7:12.4| —8.7| 3.7{138.1| « 3.3} 29 ¢« 5.2
\ l ) 3.0/ 422 5.2
10 [16.1' —T7.8 8.3114.5 “ 7.3 14.9i —7.41 7.5114,5 | —8.8 | 5.7{16.7| « 6.9] 3.5 =« 5.7
|
11 11930 ¢« 115 17.0{ —7.1 9.9[17.3] 9.9117.5| —8.9 | 8.6]19.1| « 9.31 43| ¢« 6.5
20,00 « 112.2 | ;
Noon {20.8: « 113.0118.5| —7.0 111.5{19.2 —7.5 '11.7[19.5[ —9.0 {10.5[19.5| —9.9 | 9.6} 5.6 42.1 | 7.7
20,8 ¢« 13.0016.0] <« 12.0{19.5! « [12.0{20,0{ ¢ 110
1 12060 ¢« 12,8 19.0| —6.9 112.1120.0 “ 12512051 —9.1 11.4[20.0] ¢« |10.1] 7.2|4-2.0| 9.2
2006 ¢ 112.7118.9 “ 112.0 20,5 ¢ 13.0420.5 “ 114
2 (18.0.-—9.9 11.1:18.5| —6,8 111.7[20.0 ' —7.6 12.4|20.6 « 111.5§ 1.0 4-9.6 {10.6| 8.0{ +1.8| 9.8
19.6. ¢ |12.0120.5] —9.2 11.3] 3.5 4-7.2 [10.7
3 [17.0) 9.1116.3] « 9.5119.0. ¢ 111.4]20.2{ « [11.0} 5.2] +4.9 [10.1| 8.4{ 1.6 [10.0
5.2 “ 110.1)] 8.5 “ 110.1
4 (16.0 ¢ 8.1{14.4] « 7.6{17.4, —7.7| 9.7]18.9 —9.3 | 9.6} 5.0{ 4-4.8 | 9.8| 8.5, 41.4| 9.9
4.3 «“ 9.1] 8.5 “ 9.9
5 [12.0 « 4.1111.0] « 4.2115.41 ¢ 7711700 = 7.7] 3.9 4+4.6 8.5| 8.5|+1.3| 9.8
114 « 3.5 8.0 « 9.3
6 il.gg “ 1311000 « | 3.213.0 —7.8|5.2]15.2] —9.4 58] 3.2| 4.4 7.6| 4.8/ +1.2! 6.0
1. “ 131 !
7 [1.0; ¢ 3.1] 9.0 « 2.2(12.0) —7.9 | 4.1]13.5| « 411 1.6} 442 5.8} 5.6|-+1.1} 6,7
114 « 3.5 8.7 “ 1.9411.0] « 3.1 1.0 “
8 l12.0] « 4.1 8.0 “ | 1.2(10.3| —8.0 | 2.3]13.2]| —9.5 | 3.7] 0.3 -4-4.0 4.3] 4.6/ +1.0/ 5.6
10.3 “ 3.5[11.0 ¢ 3.0413.1 “ 3.61 0.4 é 4.4
9 [|14.5; 6.611.1| —6.7 | 4.4{12.5! —8.1 | 4.4113,1| « 3.6] 0.6 43.8 4.4] 3.1 +0.9{ 4.0
| 135 « |40[05] « |43]31] # |40
10 17.5% « 9.6:14.0f 7.3(14.5] ¢ 6.4113.7| —9.6 | 4.1] 0.8 | 4-3.6 | 4.4} 3.1| 40.8| 3.9
| 0.5] « |41}31]-40.7]3.8
11 [18.Y: —7.8[11.9]16.2] « 9.5{15.91 ¢ 7.8(14.7) « 5,11 0.2 4-3.4| 3.6] 3.1| +0.6 | 3.7
20.3) ¢« 12,5 1.2 4.64 3.5{ 40.5] 4.0
Midn’t] 1.4 4-12.2/13.6 ‘16 5] 9.8116.1| —8.2 | 7.9]16.2| « 6.6] 1.7 43.3| 5.0{ 4.1| 0.4 | 4.5
Nov. 17. The scale reads up to 20, hence the reading 1.4 at midnight is equivalent to 21.4.
Nov. 21. At 1 P. M. the upper limit of the scale was reached, the index was changed afterwards.




RECORBRD AND REDUCTION OF THE TIDES. 11

Sesies I.—TipaL OBsgrvaTIONS FROM OcToBER 10, 1853, To DECEMBER 28, 1853.
Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units
of the scale. Increasing numbers indicate rise of water.
November, 1853.
Mean [ 23d. | Bed. [Ref. [24th.] Red. | Ref. |25th.| Red. | Ref. {26th.| Red. |Ref. {27th.] Red. |Ref. I28th. Red. | Ref.
solar to |obs. to | obs. to |obs. to | obs to | oba. to | obs.
hour. level. level. level. level. level. level.
6.7/ —3.0{ 3.7]10.0| —6.8] 3.7{14.8|—10.3| 4.5
1 |47, 40451 7.4 —3.2 4.2]10.2] « 3.9114.5 —10. | 4.2{14.7 |—10.4| 4.3117.5|—12.0| 5.5
7.8| —3.3] 4.5{10.4| —6.4| 4.0{14.6] « 4.3
2 156402} 5.8] 81| —3.4| 4.7[10.7| —6.5 4.2{14.7 —10.4| 4.3{13.7| « 3.3115.3—12.1} 3.2
13.3| « 2.9114.91 <« 2.8
3 |62 006291 —3.5]5.6/11.2] —6.6] 4.6/15.2/—10.5| 4.7]13.1 |—10.3; 2.8{14.7[~12.2] 2.5
13.0f ¢ 2.7114.5 “ 2.3
4 | 7.0/ —0.2] 6.8]10.0 —3.6 | 6.4{12.5] —6.7| 5.8]15.5 |—10.6| 4.9{13.2{~—10.4| 2.8 12:5 -—];2.3 %g
14.8 ¢ .
b | 7.0, —0.3] 6.7{10.5| —8.7 6.8113.6| —6.9| 6.7]16.5] * 5.9{16.0; « 5.6{15.6 |—12.4; 3.2
6 | 7.5|—0.5] 7.0011.1) —3.8 7.3{15.0| —7.0| 8.0{18.0|—10.7| 7.3{17.3; ¢« 6.9]18.2|—12.5| 5.7
7.5 —0.6} 6.9 15.61 ¢ 8.6
7 | 7.6:—0.7} 6.9{11.6| 3.9} 7.7T115.7| —7.1| 8.6{19.4] ¢ 8.7119.8 ~10.6 9.3120.3|—12.6| 7.7
7.81 —0.81 7.0j11.9| « 8.0116.0f —7.2! 8.8
8 17909} 7.0012.5| —4.0 | 8.5|15.6( —7.3| 8.3{20.0 —10.8} 9.2}20.9 |~10.6{10.3422.6 |—12.7| 9.9
7.81 —0.9 6.9{11.6{ —4.1 | .5 20.21 ¢ 9.4121.21 « “ 11
9 |77 —~1.0]6.7{11.0{ —4.2 | 6.8{15.2] —7.4] 7.8]20.0} * 9.2121.5 |—10.7 —12.8 [11.7
7.7 * 6.7 19.5| « 8.7{21.8 ¢ « 1119
10 | 7.7, —1.1] 6.6} 9.5| —4.4{ 5.1{15.7] 7.6} 8.1}19.0|—10.7} 8.3{21.3 —10.8 “ 112.0
7.7 ¢ 6.6 20.9| “ 115
1 {80 —12 6.8} 9.0 —4.5| 4.5{16.0] —7.8; 8.2]17.8] « 7.1120.9 |—10.9 -—12.9 110.9
8.8) 4.3
Noon | 8.6 —1.3 | 7.3| 8.0| —4.6 | 3.4{15.5|{ —8.0{ 7.5{16.3] *« 5.6(19.21 & “ 9.8
8.9 ¢ 4.3{15.5) —8.1! 7.4
1 {9.6{—15)8.1} 9.9, —4.7| 52[15.4| —8.2| 7.2115.7| ¢ 5.0{18.2|—11.0 —-13.0| 8.4
15.21 —8.3| 6.9115.4 4.7
2 j10.4|—1.6 8.8{10.3| —4.8 | 5.5[15.8| —8.4| 7.4]|15.1| 44117.1] “ 5.4
15.0 4.3
3 {11.4| —1.8] 9.6{11.4; —4.9 | 6.5{16.0{ —8.6| 7.4]15.1} 441152 —11.1 # 4.1
15.4 4.711497 ¢ “ 2.8
4 [11.8{—2.0} 9.8/12.6| —5.0 | 7.6{16.4| —8.8| 7.6]15.5 |—10.6| 4.9}14.6 |—11.2 “ 2.7
12.0] —2.1} 9.9 16,9 « b 2.6
5 12.,0| —2.2¢ 9.8{13.5| —b.1 | 8.4{18,1| —9.0} 9.1{17.0f * 6.4]17.5 | —11.3 & 2.9 J
12,0 —2.3 | 9.7{13.9| —5.2 | 8.7]19.1| —9.1[10.0 “ 34
6 [12.2) « 9.9{14.6| —5.3 | 9.3{19.6| —9.3110.3]19.1} * 8.5[19.3 |—11.4 s 47"
11.8| —2.4 | 9.4114.9} —5.4 | 9.6 119.7| —9.4]10.3
7 [11.4] « 9.0]14.4| —5.5 | 8.9{19.8] —-9.5{10.3{20.0] ¢ 9.4120.9 {—11.5 “ 7.0
14.4| —5.6 | 8.8]20.0] —9.7110.3}20.5 9.9{22.0] «
8 {10.0| —2.5 | 7.5{18.7| —b.7 | 8.0{10.4| —9.8| 9.620.4{—10.5{ 9.9{22.1 |—11.6 % 9.0 /]
20.4 9.9{22.8) «
9 {9.0] —2.6] 6.4]12.8) —5.9 | 6.9[18.5| —9.9| 8.6{20.4] * 9.9122.9 1117 . 110.7 ¢
' 20.1 9.6122.9| « 4 10.9 ]
10 | 8.2} —2.%7] 5.5(12,5| —6.0 | 6.5/18.0{—10.0} 8.0119.8} & 9.3122.6|—11.8 “ 110.9
22.1| « « 0]
11 7.7\ —2.8| 4511.5] —8.1 | 5.4]16.0|—10.1] 5.9]17.7] « 7.2§21.6 —11.9 “ b
74|29 4.5 “ 8.1
Midn’t] 7.2 —3.0 | 4.2]10,9| —6.2 | 4.7]15.0|-10.3| 4.7]16.2}—10.4} 5.8]19.7 |—12.0 “ 7.8

Nov. 26. From 11 A. M. of this day two readings are given for each half hour; the mean of the two observa- |
tions has been inserted above. Tmtwommpoudmgreﬁmgsagnegwemﬂyﬁthinsﬁwhm&sm 1
ence being due to the effect of the small waves.

Nov. 28. Orders were given to observe and record carafu’l “soundings by lead ling at tha tide hole evm'y dzy “ 3
at twelve o’clock.




2 RECORD AND REDUCTION OF THE TIDES.

SeriEs I.—TiwaL OBsERVATIONS FROM OcToBER 10, 1853, vo DEcEMBER 28, 1853,

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units
of the scale. Inereasing numbers indicate rise of water.

November, 1853. December, 1853.
: -
Mean (29th.; Red. ;Ref. 30th.| Red. }Ref’. Ist. | Red. | Ref. | 2d. | Red. | Ref. | 3d. | Red. | Ref. | 4th.| Red. | Ref.
solar to | obs. to | obs. to | obs. to ‘obs. to | obs. to |obs.
hour. level. i level. ® level. | level level. | tevel.
| --- - -~ [18.0) —8&7! 9.3]--- ---118.0 —10.8| 7.2
1 [18.7|—13.0; 5.7]13.1 |—b.8 . 7.3{15.0|—6.6, 8.4 17.61 « 8.9(19.31—9.9} 9.4[18.6f 7.8
[ 18.8) « 8.9[19.2 |—10.9| 8,3
2 j15.81—-12.9| 2.91 9.3 “ ! 351241 « 5.8115.5, —8&.8! 6.T[17.81 « 7.9(19.21 ¢« 8.3
! 19.1] ¢ 8.2
3 {147 « 1.8] 7.21 “ | 1.4 9.2{—6.7| 2.5[12.1} —8.9| 3.2|16.0 « 6.1[18.7 —11.0} 7.7
141} « 1.21 7.0] “ 1.2
4 [13.8)—12.8 1.0 6.2 “ | 0.4| 8.2{—6.8] 1.4[10.1] —9.0] 1,1{14.1| « 4.2117.1| # 6.1
13.51 « 0.71 5.9 ¢« 101
5 [13.6) « 0.8] 6.8] « & 1.0} 6.0, ¢« —0.8{ 8.0/ —90.1/—1.1[11.6] « 1.7[14.0—11.1} 2.9
14.21—12 71 L5] 8.2 “ | 2.4] 5.6 « |—1.2} 73] « |18 12.5| ¢ 1.4
6 [14.7) ¢ 2.0] 9.6] “ | 3.8] 6.5|—6.9—0.4] 7.1! —9.2]—2.1]10.1| « 0.2111.4|—11.2} 0.2
| 6.7, « —0.2] 9.0! —9.3|—0.3] 9.7| « —0.2]11.3] « 0.1
7 116.8|—12.6; 4.2111.7] “ | 5.9} 7.5 —7.0} 0.5] 9.8, —9.4| 0.4] 9.5 % [—0.411.5, « 0.3
| 100 « 0.1112.0 —13.3} 0.7
8 [19.7\-12.5} 7.2[13.8} ¢ % 8.0111.0f ¢« 4.0110.5| —9.5| 1.0§11.2] « 1.3112.07 « 0.7
9 123.51 -12.4111.1{17.7] « 32‘11.9 13.81—7.11 6.7114.6! —9.61 5.0{14.2{ « | 4.3(13.8} ¢« 2.5
10 }25.21—12.3|12.9119.23 113.4 18.11—7.2| 109)17.8§ —9.7] &.1116.0] « 6.1 17.31—11.4] 5.9
256.51—12.2{13.3119.5¢ < 113.7
11 |26.5|—12.1113.4119.5] “ 113.7119.3|—7.3| 12.0]20.2] —9.8} 10.4[18.3] « 8.4{19.81 *« 8.4
25.81—12,0113.8119.21 “ 113.4[19.8| « | 12.5[22.4] —9.9] 125
Noon [18.2] —5.812.4[18.3] « ,12.5[20.2 —7.4| 12.8]22.9|—10.0| 12.921.6 —9.8{ 11.8]21.7 —11.5[10.2
17.1 “ 111.3 | 20.0; ¢« | 12.6§23.3] « 13.3
1 [15.2) « 9.4]16.3| * (10.5|19.8|—7.5| 12.3{23.6]" « 13.6]22.5] « | 12.7]23.8; “ [12.3
23.1; 13.1§22.6, ¢ 12.8124.7| “ 113.2
2 NL7) o« 5.9113.01—5.9} 7.1{16.9|—~7.6| 9.3{22.0} « 12.0{22.7 —9.91 12.8125.2| * 18,7
21.51 « 11.6124.3] # (128
3 S; b gi 9.0] « 3.1113.7|—7.7] 6.0{19.8; « 9.8]20.5, 10.0] 10.5]23.9| “ 1124
A 143
4 | 7.0 —5.8] 1.2} 8.1}—6.0" 2.1{10.1|—7.8} 2.3|16.2] = 6.2]18.01 10.1] 7.9j21.8] * 10.3
7.20 ¢ 114 8.0! “ 2.0
5 7.1« 131 770 « 1.7 85 —7.9) 0.6[12.8] « 2.9115.7) ¢ 5.6119.8; 8.3
7.4 ¢ 1.61 7.71 « 171 81 ¢ 0.2
6 7.8 « 2.0| 8.0:—6.1: 1.9] 7.7,—8.0|~0.3]10.9| « 0.9114.5} 10.2] 4.3116.7] *“ 5.2
9.2, « 3.4 9.2] « 3.1} 7.71 « |—0.3]10.3] « 0.3 -
7 J10.0] « 4.2110.2; * @ 4.1 8.2 —8.1} 0.1{10,0! =« 0.0{11.9] 10.3] 1.6{14.5]| “ 3.0
10.6) ¢« 0.6[11.2] « 0.9
8 |18.3; « 7.511.8 —6.2! 5.7/11.1:—8.2] 2.9]10.6] « 0.6]10.4! 10.4] 0.0113.6; ¢ 2.1
10.3, « |—0.1{13.3] 1.8
9 [14.8] « 9.0[14.4; « 8.2112,6 |—8.31 4.3{12.0f « 2.0111.3} 10.5| ©.8{13.1} « 1.6
13.3] 1.8
10 |15.9; « 110.1[16.2 —6.3 9.9115.31—8.4| 6.9{14.91 « 4.9113.7| 10.6| 3.1{14.0| * 2.5
1650 ¢ 110.7 i [
11 J16.5] «  110.7{16.6 |—6.4 10.2{17.5 |—8.5| 8.8]17.0] 7.0115.6] 10.7} 4.9]16.0] 4.5
. 16.3} “ 110.5017.00 ¢ 10.6{17.91 « 9.4118,21 « 8.2
FMidn’t 16.11 “ 110.3]17.3 | —6.5 ‘10.8 18.1 IE—-—S.G 9.5[18.91 « 8.9{18.2| 10.8{ 7.4{17.8 —11.5 6.3

Nov. 29. Tide register corrected at noon. Sounding at noon 7 fath,, 0 feet, 4 inches, register 18.2, It may be
remarked that soundings are subject to uncertainty in case of any drift of the ice field in which the vessel was
imbedded, and also in case the bottom be soft. Some allowance must be made for streteh of the line.

Fath, Feet. Inch. Reg,

Nov. 30. Sounding atmeon 7 2 3  18.2  (This sounding was not used, apparently not reliable.)
Dec. 1. “ «“ 8 0 0 20.2
‘o2 “ “ 7 5 6 227 | A mean correction was nsed for these days, as dednced
o8 “ “ 8 0 0 220 from enveloping curves and the soundings.
“ 4 “ “ 7T 4 v 220
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: 3 ,umnamxﬁmmlﬁ, 1858, mmas 1858.
Hmlyob&emmm&epaﬂeyw Adopted reading of mean level 7.0, axpmodm!mih
J of the scale. Increasing numbers indicate rise of water.
g Decsember, 1853.
Mean | 5th. | Red. |Ref. |6th.| Bed. |Bef. |7th.| Red. |Ref }8th,| Red. |Ref.|9th.| Red. |Ref {10th.| Red. |Ref
solar to |obs. to |oba. to {obs. to |oba. to |oba. to |obs:
hour. level. level. level. level, level. level.
~ 1. 128] 414! 37] 1.8}=01 ] 17
1. {19.7|—11.6] 8.1120.1 |—15.:3| 4.8] 49| ~2.7} 2.0 2.6} +1.0§ 8.61 1.2) -« |11} %.6| ~1.8| 5.7
20.2] « | 8.6}. v 3.1| 40.8]| 3.9} 1.4]| —0.21 1.2} 7.3] « |55
2 120.5|—11.7] 8.8/21.6 |—15.8] 5.8} 5.2} —3.1] 2.1 3.7| 4-0.7] 4.4} 1.6] ¢ |1.4] 7.1|-19]35.2
1 20.8] « | 9.1{22.1|—16.1{ 6.0 | 721 « |53
1 3 l20.4|—11.8] 8.5]22:6|—16.4] 6.1] 7.9| —3.5] 4.4| 4.7] 4-0.51 5.2] 27| —0.3| 2.4] 76| 2.0 | 5.5
19.9] « | 8,1{22.4/—16.61 5.8 1
4 {19.2{—11.9] 7.3|22.5 |—~16.9 5.2 9.0/ —3.0! 5.1 5.6| —0.3] 5.9 3.6] « |3.3]82] « |82
: 22.5|—~17.11 5. : : :
5 {1%.9 |—12.0] 5.9]22.1 |—~17.3] 4.8]10.0] —4.4] 5.8] 7.0- mg 3g 7.0| —0.4 | 6.6} 9.5] —2.1| 7.4
1 8.0 —0.7| 7. «
% 171121/ 5.0j21.2/~17.6] 3.6{11.0] —b.0] 6.0] 9.1] —1.5| 7.6} 8.1] « |s7hi2|—22]|9.0]
; 12.1] —5.2| 6.9] 9.8] —2.2] 7.6 | _
v {14 |-12.2] 2.5[21.31~17.9} 3.4/11.9! —B.4| 6.5} 9.9] —3.0] 6.910.3} —0.5 | 9.8112.3] ¢ i10.1
14.3] ¢ | 2.1{20.5/—18.11 2.4]12.5] —5.7] 6.8 ,
8 18.6|—12.3{ 1.3|20.6 |—18.3] 2.3112.4| —5.9] 6.5j11.3}| —4.5| 6.8]11.3] « J10.8}13.0] —2.3 10.7’1'
13.61 « | 1.3120.7—18.4| 2.8[12.5| —6.1] 6.4 11.8] —0.6 11.2]18.1 % [10.8°
9 113.71—12.4} 1.3121.1 |~18.6| 2.6{12.3]| —6.3| 6.0]11.4]| —6.0} 5.4[11.6] « N11.0{13.3| —2.4 [10.9 §
144 « |20] 11.7| —6.5] 5.2 11.2] —0.7 10.5{13.5] « 111.1
10 {15.2|—12.5] 2.7[21.6 |—18.9| 2.712.2| —6.8| 5.4/12.4| —7.5] 4.9{10.7{ « |10.0{18.3| —2.5 [10.8
11 |17.8i—12.8 5.2227'—-193 3.4{11.2 —T7.3] 3.9/13.2| —0.0] 4.2] 9.7| —0.8| 8.9}11.8] % 193
Noon {19.0 |--12.7} 6.3]24. |-.19. 414111 —1.7] 3.4 12.6 -m.g 8.1] 8.0 —0.9 | 7.1] 9.8 —2:6 ] 7.2
v » 14.1 |—11.2] 2.9
1 420.9—12.9] 8.0/26.7 —19.9] 6.8]17.1|—13.1| 4.0/15.0{—12.0] 8.0] 4.5] ¢ | 8.6] 90.2] —2.7] 6.5
i ‘ 47,10 3.7] 8.6/ —2.8| 5.8
2 123.51—13.1]10.4]28.3'—20.31 8.0}19.7|—13.6} 6.1 4.7 « |3.7|82] —=2953
23.4|—13.2|10.2]29.5 '—20.4 | 9.1 183 # |54;
3 124.1/-133 10.8303’—-20. 9.7121.3 |—14.2] 7.1 5.2 —1.1| 4.1§ 8.7| —3.0| 5.7
24.3 |—13:2111.1{31.0 -20 8110.2 X 9.2| —3.1] 6.1°
4 §24.1|--13.510.631.3 ,-21 .0/10.3124.21—14.7] 9.5 % 172 -1.2] 80199 < |66
31.5'—21.2110.3 A 1 «
5 }23.21—18.74 9.5131. 5*-2131’0.2 4.9] +4.8] 9.7 g 1F jo2] « |g.0f102 —3.2| 7.0
305-21.5 9.0 3 |3 -
6 [21.6/—13.9| 7.7/28.5 —21.7| 6.8] 6.3| 4+4.4{ 9.7} < | T | T PL2| 13| 9.9h1.2| 3.3 7.9
5.7| +4.2| 9.9] 2 2 | 8
7 [18.9|—-14.1] 4.8/27.6 —22.0 5.5] 6.4| +4.00104] F | B | 2 f12.8) « \11.5011.9| —3.5| 8.4
, 68| 43.810.6] S =z |3 [13.0] —14/11.6122] ¢ |87
8 117.2|—-14.2] 3.0124.7 -—22.4] 2.3| 7.0| 4-3.6{10.6 §, g 2 f13.2) % 111.8412.9| —8:6 | 9.3 ]
| 245!-22.5| 2.0| 6.7] 4-3.41101] & | B | p3a|—1.5/11.60127] —3.7| 9.0
9 [16.1|—14.4 17~247-2&7 2.01 6.0} 482/ 9213 | £ & P24 ¢ 110.9/18.0| —3.8|9.2;
15.5/~14.6 | 1.0/24.9 —22.9{ 2.0 ~ 5 S [&- 13.0] —3.91 9.1
10 15:8|—14.6 1.2%9—231 1.94 4.2 427} 6.9 L1 161 9.5/12.6 | —8.0 | 8.6
16,6 |—14.7] 1.924.7'—23.3] 1.4 :
1 {17.1{—14.8] 2.3]24.7 —23.5| 1.2} 29| 4-2.2] 5.1 o8| .« 1830122 4171
24.7 —23.7] 1.0 . ;
uiAn'tlls.p —15,0] 3.9 ‘25 a }—-23.9 1.2} 2.0} 4+1.8] 3.8 82| ~1.71 651 9.6] —421 63
Fath., FPeet. Inch. Reg. ;
Dec. (53 Sounding at noon. 7 g g 2250, changed to 19. } On these days the corrections deduced |
& . * @ -8 b] envelopi onrves or -sound iBBl, 3
« o7, “ “ 6 4 0 1.1, changed to 18. .gmvm% , il
“« 8, “« u 6 3 7 136
“« 9, « * 6 4 0 7.6 (Themmof thetworaadmgaiz 8.0,)
“« 10, « 5 6 4 6 9.7 9.8.)

From the 9tk to the 18th of December the corrections deduced from curves and soundings differ by a censtant
] of nearly 4 feet. The differences are partly due to imperfect soundings, partly io sud@en chauges of the pulley- |
‘§ gauge (see readings between noon and 1 P. M, on the 9th). The heights given, ns corrected by the soundings § -
§ and curves, are, during this period, of little value, the times being less affected. mndinga were immmd :
{ by 4 feet, equal to a reading of the mean level of 32.6. ;
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SeriEs I.—TipaL OBsErvaTIONs FROM OcToBER 10, 1853, To DECEMBER 28, 1853.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units
of the scale. Increasing numbers indicate rigse of water.

December, 1853,

Mean 11t,hi Red. 1B.ef. 12th.] Red. | Ref. [13th.; Red. | Ref. [14th., Red. | Ref. {15th.| Red. | Ref. 1('}1'.1:1.l Red. | Ref.
solar V to | obs. to obs. to |obs. to |obs. to |obs. obs.
hour. | level. level. level. level. level. level.
21.4|—14.0| 7.4 23.0 '+10.6 12.4
1 8.2 —4.3 | 3.9112.2| ~—8.5| 3.4{20.7!—14.1| 6.6[13.9| —7.6| 6.3{15.4| —8.5| 6.9]22.7 —10.8(11.9
2 7.4 —4.4 3.0(11.1] —9.1} 2.020.3{—14.3| 6.0]12.9 & 5.3{13.7 s 5.2]20.4 —11.11 9.3
3 6.8 —4.5 2.3110.2} —9.3| 0.9119.8 |—14.5| 5.3[11.2! —7.7| 3.5112.2] —8.6| 3.6{18.5 —11.4] 7.1
6.31 —4.6 | 1.7{10.0| —9%.5; 0.5[18.9|—14.6] 4.3]10.2| « 2.5 l
4 6.5 —4.7 | 1.8110.0; —9.7| 0.3{18.2|—14.7| 3.5{10.0 “ 2.3{11.5| ¢ 2.9116.0 —11.7| 4.3
7.5 —4.8| 2.7]10.2| —9.8! 0.418.7|—14.8| 3.9[10.0] « 2.3111.3 & 2.7{15.3'~-11.8] 3.5
5 8.7 —4.9 | 3.8110.4|—10.0, 0.4[19.4|—14.9| 4.5{10.0] « 2.3{11.1| —8.7] 2.4]15.4'—-12.0} 3.4
10.2) « 25014 « [27/159 ~12.3] 3.7
6 [11.8]—5.0 6.8]12.9|—10.2} 2,7120.8|—15.1] 5.7|10.6] —7.8] 2.8{11.7] & 3.0{16.1 —-123 3.8
12.2| 8.8 3.4| |
7 |12.4! —5.11 7.3{15.5|—10.4' 5.1{22.5 —15.3} 7.2]12.1 “ 4.3{12.9 o 4.1117.2 ~-12.6: 4.6
8 |13.7! —5.2 8.(5) 18.0 |—10.7. 7.3]24.7 | —15.5| 9.2{15.1] —7.9| 7.2{15.2| & 6.4119.1 '—12 91 6.2
14.21 —5.3 | 8. !
9 |14.7| —5.4 gg 19.7 ——-10.9‘ 8.8125.7{—15.710.0{17.2] « 9.3117.8| —8.9| 8.921.2 —13.4| 7.8
15.0] —5.5 | 9.
10 |15.00 ¢ 9.5120.4|—11.1 9.3{26.7!—15.9(10.8119.4| —8.0/11.4/19.6 « 110.7{24 ‘—-13 7110.3
14,7 —5.6 § 9.1}20.8|—11.2 9.6{27.0|—16.0/11.0{20.2] ¢ |12.2 '
11 [14.3; « 8.7121.2|—11.3 . 9,9(27.0{—16.1/10.9/20.5 “  112.5]20.5 % 111.6]26.0 —14.1/11.9
20.2 —11.4, 8.8]27.11—16.2(10.9120.2} ¢« {12.2 |
Noon {18.4 | —5.7 | 7.7120.2 —11.51 8.7]26.8:—16.3(10.5119.6 | —8.1{11.5{21.0| —9.0 12.0{27.3 '~14.5 [12.8
| 12.0 ? --- 22,0} ¢« |13.0]27.5 I-—l4 7i12.8
1 [11.2] 5.9 5.83]20.2/—11.7 8.5|11.9 ---{18.2) ¢« 110.1|22.3| —9.1/13.2]27.3 '—14.8/12.5
! 21.2) ¢« 12,1]28.8 !-—15.0 11.8
T2 9.4: —6.1 2.3 18.51—11.9 6.6{10.9 ? ---116.21 ¢ 8.1120.1} —9.2:10.9{28. Ol—lﬁ .1110.9
8.7 —6.21 2.5 i
3 8.3 —6.41 1.9{16.8|—12.1" 4,7110.8\ —7.1| 3.7{13.8 —8.2| 5.6|17.6| —9.3| 8.3[23.1 ’-—15 3] 7.8
8.3 —6.5 | 1.8 i
4 8.71—6.71 2.0115.9|—12.3 3.6{10.2| —7.2{ 3.0{11.5] « 3.3116.2| —9.4! 6.8{21.0[—15.5| 5.5
15.2|—12.4 2.8]10.0] « 2.8111.1 i 2.9
5 9.7 —6.9 | 2.8115.6|—12.5, 3.1{10.3| « 3.1{10.8 ¢ 2.6115.6| —9.5: 6.1118.3|—15.6] 2.7
] 10.3 ¢ 3.1110.8] « 2.6[15.4] « 5.9
6 1.2 —7.1 ) 41{17.7 —12.7 5.0{10.7} —7.3| 3.4{10.7| —8.3| 2.4/15.1| —9.6| 5.5}17.6|—15.8| 1.8
% N 10.9 “ 2.6115.2 5.6{17.5 “ 1.7
7 l12.3, —7.3 1 5.0{19.7|—12.9 6.8{12.2] ¢ 4.9111,2] « 2.9115.7| —9.7. 6.0§17.5 |—15.9]| 1.6
i 17.5 “ 1.6
8 H3.7|—7.6| 6.1121.0 ——13.1;. 7.9113.0] « 5.7113.7 « 5.4116.8) —9.8 7.0[17.7{—16.0} 1.7
9 115.2| —7.8| 7.4]21.9|—13.3 8.6(15.1| —7.4} 7.7115.6| 7.3{18.81 —9.9: 8.9{19.7 (—16.1{ 3.6
15.7) —7.9 | 7.8 i 15.7F « 8.3
10 |15.81 —8,1 | 7.7]22.8|—13.5 ' 9.3]16.0 « 8.6116.9; —8.4| 8.5]21.2 . —10.1 11.1{21.5 |—16.2} 5.3
15.8: —8.3 | 7.5(23.2{—13.6. 9.6{16.0] « 8.6117.2) « 8.8 i
11 {15.3| —8.4 | 6.9i23.3 —13.7; 9.616.0{ —7.5!| 8.517.3| 8.9122.4 —10.3 12.1}23.1|—16.3] 5.8
23.4|—13.81 9.6{15.7 « 8.2117.2) « 8.8122.9—10.4 12.5
Midn’t|13.7i. —8.6 | 5.1{23.4 —13.9i 9.515.21 ¢ TA17.1 8.7123.0 |—10.5 112.5 23,8 |—16.4| 7.4
Fath. Feet. Inch. Reg.
Dec. 11. Sounding at noon 6 2 9 13.3
“ 12, “ o 6 4 0 19.9
“ 13, “ “ 7 1 3 13.3 (Changed from 28.8)
“ 14, ¢ “ 7 2 2 19.4
« 15, “ “ 7 4 0 21.2
%186, “ ¢ 7 3 6 27.6
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Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units |
of the seale. Trereasing numbers indicate rise of water.
December, 1858.
Mean {17th.] Red. |Ref. [18th.] Red. | Ref. [19th.] Red. |Ref. 20th.] Red. |Ref. |21st.| Red. |Ref.|22d.| Red. Tof.
solar { * to |obs.| * to Jobs.| * to obs. to |obs. to [obs. to |obs.
honr. level. level. level. level. level. level. :
24.0 —16.5| 7.5]23.4i—17.6} 5.8] 4.1|-43.0{ 7.1 ‘
1 {28.7,—16.6| 7.1[28.4| ¢ 5.8] 4.2| 429 7.1 [14.5] —3.9110.6]20.4 —10.7| 9.7]20.6|-13.7| 6.9 §
23.4| « | 5850|4271 7.7 g ,
-2 123.81--16.7] 7.1123.2] # 5.6] 5.71+2.5| 8.2]15.1} —4.210.9121.4 —11.0 |10.4121.6| « 7.9
o 22.61 ¢ 5.0] 5.7|+2.3 | 8.0[16.3| —4.4(10.9{22.4 |—11.1{11.3]
3 122.9) « 8.2121.7] ¢« 4.1} 5.0142.2| 7.2]15.2] —4.510.7122.9 —11.3{11.6{22.2} « 8.5
- 114.2] —4.7] 9.5122.31—11.4/10.9]22.4] « 8.7
4 j21.5.—16.8] 4.7120.2| * 2.6] 3.7{ 4+2.0] 5.7]113.5| —4.8{ 8.7{21.3 —11.6 9.7‘%.3 —13.8] 8.7
. & 9.1
5 120.5 “ 8.7121.3] % 8.7{ 2.1| 1.8 | 3.9{12.2| —b.2] 7.0{21.0—11.9| 9.1]22.3] 8.5
19.9) « 3.1 :
6 {19.6. —16.9| 2.7]20.01 ¥ 2.4] 141 41.6 3.0110.5| —5.5} 5.0419.3 —12.2} T.1]2L.7| « 7.9
19.7 2.8119.3; “ 1.7 111414 25
7 1202 « 3.3[18.5| « 0.9] 1.1} +41.3| 2.4{10.1{ —5.8| 4.3]18.31—12.4} 6.9]20.9| « 7.1
20,2 ¢ 2.61 0.9/ 411 2.0
8 121.7 —17.0] 4.7]20.4|—17.6| 2.8] 1.6|+41.0| 2.6} 9.6| —6.1] 3.5{17.8|—12.6| 5.2{19.3|-13.9! 5.4 |
7.9 —6.3] 1.4{17.2|—12.7| 4.5[19.4 5.5
9 §25.0f « 8.0] 4.3 2 {---1291{408] 8.7} 8.0| —8.4] 1.6{17.4|—12.8] 4.6]19.0] « 5.1
8.7 —6.5| 2.2{17.8 |--12.9] 4.8{19.0 ' 5.1
10 27.7'—17.1/10.6} 7.8} % {---| 5.0|-4-0.6] 5.6} 9.5 —6.7] 2.8)18.3|—13.0| 5.3{19.3] = 5.4
11 {28.8] « 117} 8.3 « |---]171|+4+03} 7.4{11.3} —7.1] 4.2|19.5 |—13.2{ 6.3]20.3] « 6.4 |
29.7 —17.2{12.5 . .
Noon |23.0! ¢ {---j10.9] ¢ |---]18.23{ 0.0]8.213.1) —7.5| 5.6]21.2|-13.4} 7.8{2L7|—14.0} 7.7
22.6] < - 27.8 ? -
1 [21.8] « ---112.4 “ 1...110.4] —0.2 {10.2116.9{ —7.7 9.2{27.7] ¢ |---|23.0] & 9.0
12.5 “ ---110.71—0.8 10.4
2 200y « {---J12.5] ¢ {---}10.7}—0.510.2{18.2} —7.9110.3124.4|—13.411.024.5 | —14.1{10.4
10.71 —0.6 110.1{18.4| —8.0{10.4
3 l18.61 « J---]--- ---1{10.6| —0.8 | 9.8{18.5| —8.1{10.4}24.7 |—13.5{11.2{25.3 |—14.2{11.1
18.5| —8.2/10.3125.0] « 111.5125.0f « -{19.8
4 (185 ~17.6{ 0.9]--- ---}19.0 —1.0] 8.0{17.9; —8.3} 9.6125.0] '« {11.5{25.8!-14.3111.5
18.3] ¢ 0.7 24.47 “ 110.9{256.9] ¢« {11.6
5 {18.21 « 0.6{--- ---] 82| ~1.2{ 7.0{17.0} —8.5| 8.5{23.5] “ 110.0{25.6]|—14.4{11.2
18.21 0.6 16.2} —8.6; 7.6 25.11 ¢ 110.7
8 [18.3] 0.7}--- ---1 85 —1.5] 7.0{15.6| —8.7| 6.9122.1] « 8.6124.3 —14.51 9.8
18.4| « 0.8 16.0| —8.9, 7.1
v [18.3] ¢ {---f15.2] ? |---]v77 —17) 6.0{16.6] —9.1| 7.5]20.2| <« | 6.7{22.56—14.8] 7.9
18.3] « - 7.6 —1.9| 5.7
8 {183} « ---{15.41 % j---| 7.6] —2.0! 5.6{17.0] —9.4| 7.6}19.3|—13.6] 5.7]21.0 |—14.7] 6.3
18.81 « - 9.8/ 2221 7.6 18.3] ¢ 4.7
9 ho4] « j---l16.0{ « |---]10.4|—2.4] 8.0{17.0{ —9.7| 7.3{18.0] & 4.4120.8|-14 8] 6.0
18.0 « 4.4 - ;
10 [20.8) « |---17.6f ¢ l-.-Jj11.6{-—2.8! 8.8]17.6,—10.0] 7.6]18.0| '« 4.4]19.81-14.9] 4.9
, 18.3| « |47/19.4] « |45
11 219 « ---120.2; « |---113.6]—38.2 10.4{18.2|—10.2| 8.0[19.8] ¢ 5.6[19.21-—15.01 4.2
194 « 4.4
Midn’t}23.3 l---17.6 5.7/23.2|—17.0{ 6.2{15.72| —3.6 (12.0[18.9 | -10.4| 8.5[19.5|—13.7| 5.8119.8|-15.1] 4.7
Fath, Foet. Inch. Register. )
Dec. 17. Sounding at noon 7 5 0 30.0 changed to 23.0. ) * Besults doubtful.  §
« 18, “« o« 7 5 3 313 (=11.3). Tide register broke down &t 2} P.M.; was re-
“ 19, No sounding taken. [paired and observations commenced at ¥ P. M. }
“ 90, “ “® SOEEET. |
“ 21. Soundingatmoon 7 3 6  2L.5. Correction at noon by soundings 12.3, by curves 14.5,
“ 22, « “ % 3 6 217. Mean corréction —14.0. [mean adopted.
The heights on the 18th and 19th have been rejected. : R




16 RECORD AND REDUCTION OF THE TIDES.

.
Serres I.—TmnAL Osservarions FroM OcroBgr 10, 1853, 70 DEcEMBER 28, 1853,
| Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units
of the scale. Increasing numbers indieate rise of water.
December, 1853.
Mean [23d. | Red. 1Ref. j24th.) Red. | Ref. |25th.) Red. |Ref. |26th.| Red. |Ref. |27th.| Red. |Ref. |28th.; Red. |Ref.
solar to | obs. to |oba. to |obs. te |obs. to |obs. to | obs.
hour. level. level. level. level. level. level.
19.5} « 2.7 -
1 [20.0}—15.2} 4.8119.1—16.0| 3.1{19.3|—16.9} 2.4| 1.9} 4-1.4} 3.3| 3.1| —0.4| 2.7] 7.1| —2.0| 5.1
19.3] « | 2.4]1.8] ¢« 13.2]27] « 23
2 121.1}-—15.3 ] 5.8|19.7] « 3.7119.6 —17.0} 2.6} 1.8} « 3.2 2.3 —0.5| 1.8} 5.7] —2.1] 3.6
1.9 3327 « 22
3 |22.0(—15.4| 6.6]21.0] ¢ 5.0120.3 —17.11 3.2| 2.1| 41.3}| 3.4} 3.5| —0.6 | 2.5) 44| « 2.3
41 —2.2] 1.9
4 |22.7—15.5{ 7.2121.7 —15.9 5.8(21.8 —17.2| 4.8] 3.2] +1.2| 4.4|13.0f « |12.4]|4.2] « %.0
4.3 —2.3] 2.0
5 [25.01~15.6! 7.4{22.0; « 6.1123.4/—17.3 6.1} 5.6] « 6.8] 477 —0.7] 4.0} 4.7 « 2.4
23.1| ¢ 7.5 -
6 [23.1—15.7| 7.4[23.41 « | 7.5|24.9 —17.41 7.5| 6.7| +1.0| 7.7| 6.6 « | 5.9] 6.9] —2.4| 4.5
22.7 ‘ 7.0123.6 « 7.7
7 [23.0—15.8] 7.2]23.6 —15.8! 7.8125.3—17.5| 7.8] 8.2| 4-0.9{ 9.1| 8.5| —0.8| 7.7} 9.2} 6.8
23.1: o« 7.3125.5 8.01 8.7 « 9.6
8 ]22.4:-—15.9) 6.5]22.9 ¢ 7.1125.6 —17.6! 8.0] 9.2] 4-0.8!10.0{10.6 | —0.9 | 9.7]11.1} —2.5! 8.6
25.6 “ 8.0110.7F « 1115
9 ]21.9{—16.0] 5.9|22.3 « 6.525.1] ¥ 7.5] 9.8} 4-0.7/10.5/11.9} —1.0 |10.9413.3} « |10.8
[ 12.2] « l[1.2f13.8] « |11.3
10 120,61 —16.1] 4.512L.2, « 5.4123.6 —17.7 5.9] 8.5; « 9.2112.1] —1.1 {11.0}14.2; —2.6 11.6
11.6{ ¢ [10.5{14.2] « [11.6
11 {19.41—16.2] 3.2]21.0] « 5.2122.9 . —17.8| 5.1} 6.7| 4-0.6] 7.3111.0] —1.2 9.8]13.7, « JjilL.l
19.3 “ 3.1420.7: « 4.9122.3; « 4.5
Noon |20.4 |—16.3| 4.1{20.3 —15.7; 4.6{22.0/—17.9| 4.1 5.6| 4-0.6| 6.2} 9.2] —1.3 | 7.9/11.7; —2.7 9.0
21.3 5.6122.00 « | 4.1
1 §21.4; « 5.112L,7; « 6.0122.2 —18.0| 4.2 44| « 5.0} 6.9 ¢ 5.6[10.0! —2.9| 7.1
i 4.4) « 5.0
2 (225, ¢ | 6.2122.5 —15.8} 6.7}22.5} 4.5} 4.3} 4-0.5| 4.8} 5.2{ —1.4| 3.8] 9.6/ —3.3| 6.3
! i l 4.3 « 4.8
3 {23.6 —16.2. 7.4[23.5 —15.9| 7.6(23.2!—18.1| 5.1} 4.3| « 4.81 4.5 —1.5 | 3.0{ 9.5; —3.8] 5.7
! ! 4.3] ¢ 4.8) 44| « 2.9
4 (246 « 8.4124.5 —16.0; 8.5]23.6 —18.2] 5.4} 45| 4-0.4| 4.9 44| « 2.91 9.5, —4.5 5.0
25.0; 8.8 : | 4.4, « 2.9 9.6 —4.7| 4.9
5 [24.9] « 8.7125.1 —16.11 9.0]24.6 « 6.4} 5.2} 4-0.3] 5.5} 4.7, —1.6 | 3.1} 9.8] —4.9; 4.9
2470 « | 85 ] | 10.0! —5.1| 4.9
6 (246, ¢ 8.4]25.4 —16.2 ! 9.2}25.3 —18.3; 7.0| 6.8] « 7.1} 638 « 4.7110.4 —5.3| 5.1
| 25.5: « 9.3
|
7 |23.7 —16.1) 7.6{25.1 —16.3 8.8{25.3] ¢ | 7.0] 8.1} 4-0.2; 8.3} 7.8} —1.7} 6.1[12.6, —5.7! 6.9
| o 25.6. « |7.3]85] « |87
8 22.3; “ 6.2124.2 —16.4 7.8|25.4 —18.4 7.0 9.1 4-0.1| 9.2] 9.3 « 7.6{14.2, —6.0! 8.2
! | 9.7« 9.2
9 J20.1, « 4.0123.1 —16.5] 6.6]25.0, “ 6.6§ 9.1 0.0: 9.1]10.0; —1.8 ! 8.2116.31 —6.3 10.0
{ ; 10.9] « | 9.1
10 f19.4) « 3.3122.6 —16.6 6.0124.1)—18.5, 5.6] 8.1] —0.1 8.0/10.8| « 9.0j17.1| —6.9 10.2
; ! ; | 10.4] ¢« | 8.6{117.4| —7.0,10.4
11 j19.1) « 13,0221 —16.7! 5.4]23.1] « 4.6} 7.2{ —0.2! 7.0/10.2} —1.9; 8.3]17.7, —7.1/10.6
19.01 12,9 | 17.7] —17.2110.5
Midn'tj19.0 —16.0, 3.0|21.4 —16.8 | 4.6|22.4 —18.6| 3.8} 5.2| —0.3| 4.9} 9.0} —2.0 | 7.0{17.7{ —7.3/19.4
| i ! | 5 ‘
Fath. TFeet. Inch, Correction.
Dec. 23. Sounding at noon 6 3 8 —16.3 mean of sounding and curves.
6 94 @ 13 6 4 8 —15.7 13 [ “
¢« 95, Y «“ 8 3 0 -—117.9 [ « «
[43 26' 1 &« 7 1 O + 0‘6 [ 144 &%
{3 27. 113 143 7 2 0 — 1.3 13 3 [
« 28, “ “ 7 4 6 (Ebb tide at 24 P. M.) Correction —2.7 mean of sounding and
curves ; afternoon corrections from the curves. Between this date and the commencement of the second series
the observations are too much affected by irregularities to be inserted.




Serixs 1L Tinar ORSERYATIONS FROM JANUARY 28 10 APRIL 7, 1854..

-Hourly observations on the pulley-gasge..
of -the scale. Inerewng numbers indicate rise of water.

-Adopted reading of mean level 7.0, expressed in Boits

l January, 1854, . February, 1854,
Mean {28th.| Red. |Ref. [20th.| Red. | Ref. [30th.! Bed. | Bef. |31st.| Red. | Bef. | 1st. | Red. |Ref.] 3d. | Red. | Ref.
solar to | obs. to | oba. oba. to | obs. to |ohs. to | obs
honr, level. level. level. level. level. level, | -
13.2| —2.6{10.6§21.9 -—-10.0 11.9}16.5 7.5 9.0J14.9 5.8 9.1 13.2] —6.2] 7.0
1 [32.8) —2.8[10.0)21,5 |~10.1} 11.4|16.2 —7.4] 8.8 15.52 « g,-z: 16.2 | —5.8 1041136 « | 9.3
15 s .
2 l12.0] ~3.3} 8.7119.61—10.2| 9.4{15.6 —7.3| 8.3]147| « 8.9 §$8 —-‘5‘.9 %&iﬁ? 14.3] « 8.1
.0 ’ ]
3 110§ —3.8{ 7.217.7-10.8] 7.4[12.8}—7.2] b5.6{14.3|—5.7 8.6{17.0| « 1L1[15.8] « 9.4
17.0] “ |11.1]16.0} « 9.8 §
4 | 8.8] —4.2] 4.6[16.1[—10.4] 5.7{10.5}—7.1} 3.4J11.7] « 6.0]16.9 |—8.010.9 %gg R lgg
B s 110,
b | 6.3] —4.7] 1.6}15.0{—10.5] 4.5] 9.2~7.0] 2.2] 9.2} « 3.5112.6; « | 6.6{15.7] 9.
5.9 —4.9 1.0 .
6 162 —5.1)1.1412.2{-10.6; 1.6} 7.4}—6.9] 0.5} 6.9] « 1.2110.6 |—6.1| 4.5)14.0] « 7.8
6.71 —5.3] 1.4111.9} « 131 7.4 « 0515958 0.3
7 |82 —5.4)28[12.1~10.7| 1.4| 7.5.—6.8] 0.7] 531 « |—0.3]8.5] « | 2.4[10.6| < 4.4
13.4; 2.7 78] # 1.0]5.3] « —0.3]7.9] % |18
8 1.0} —5.91 5.1114.6 |~10.8] 3.8} 8.21~6.7! 1.5} 5.3] * |—0.3} 77| = 1.6] 8.8 = 2.7
. : 5.3 —5.51—0.2] 7.71 % | 1.6] 9.1 = 2.9
9 [156.8) —8.4] 9.2118.6 —10.9! 7.7010.3|—6.6! 3.7} 6.9] « 1.4} 7.5 |~6.2] 1.3] 8,2] « 2.0
8.3} ¢ | 21] 8.2 2.0
10 {17.7] —7.2]10.5]120.7}—11.0{ 9.7{12.2 —6.5| 5.7{10.0] « 4.5110.0f * | 3.8 87 « 2,5
11 [i19.9] —8.0111.9}23.41—11.1| 12.3114.3 —6.4] 7.9[13.0l—5.4] 7.6{13.0; « ] 6.8]11.2) « 5.0
Noon |21.0| —8.812.2}24.5|—11.2} 13.318.3 |-—6.3 | 12.0{16.2|-5.3| 10.9]16.3|—6.3/10.0}13.0! —6.1} 6.2
21.2) « 112.4]20.7}—11.1] 9.6 17.3] « | 12,0
1 j20.4| —8.911.5419.7/—11.0} 8.7]20.1| =« | 13.8§18.3] « | 13.0J17.7| « |[11.4{14.8] « 8.5
190.2|—10.9| 8.3120.21 « | 13.9{19.0{ ¢ | 13.7 i
2 {18.8| —9.0] 9.8]18.7 |—10.8] 7.9119,7—6.2| 13.56 [18.2{—b.4| 12.818.4} « 12.1]18.0} « 9.9
19,01 « 12.7116.2] « (181
1 3 Ji7.1] —9.1} 8.0115.6|—10.6] 5.0{17.7|—6.1} 11.6{16.8] « | 11.4{19.2] ¢« [12.9]18.7{ « |10.8
18,91 « - 112.6]16.0] ¢ 9.9
-4 {15.6] -9.2| 6.4]12.0|—10.4| 1.6{14.6] « 8.515.7 |—5.51 10.2]18.2] « 111.9{16.0] « 9.9
5 8.7 —9.3| 4.4{10.8|—10.2| 0.6} 8.2|—6.0] 2.2]13.0; « 7.6{15.8] 5.5 14.9 ....3,3 8.7
6 2.2 —9.4) 2.8/10.0/—10.0} 00} 6.3] 0.31 9.71—5.6] 4.1]12.4] # | 61{13.9| « 7.9
12.0f « 2.61 9.7} —9.9/—0.2] 6.1, « 0.1 3
-7 2.2 —9.5] 7] 9.2] —9.8—0.6] 5.7 « 1-—0.3}]'7.3] 7| L7{10.0} « {3.7108] « 4.6
I 8.6 —9.7|—1.1{ 5.6|—5.9—0.3] 7.2 * 1.6 :
8 J14.2{ —9.6} 4.6] 7.8} —9.6|—1.8] 55| « |—0.4}7.2] < 1.6} 87 «:124]81] “ 1.9
7.7] —9.5 1.8} 5.7|. * —0.2] 7.2}—5.7| 1.6] 8.5 « | 22 e
{ 9 [17.1] —9.7; 7.4] 8.7] —9.4|—0.7} 6.7] « 0.8]74) ¥ 17184 ¢ J21}66] « 0.4
: 8.0} « 23184 < 1211686 % -1 0.4
10 j19.9] —9.8110.1{10.8| —9.2| 0.6] 9.3} 3.4} 9.0 « 3.3]18.61 % {23 gg 6.3 g:g
&€ hs
11 211} —9.9/11.2{13.4} —3.0 4.4]12.1] « 6.2112.0f « 6.3{10.0] « .| 38.7} 78] ¢ ?Q;Q'
Midn't}21.6 |~10.0111.6{14.8} —8.7} 6.1{14.0|-5,8] 8.2]14.6—5.8) B.8112.1|—86.2; 5.9} 9.3} .« 3.0,
Jan. 27. At 11 P. M., 13.7; at 11 30m, 13.8; at 28th, 0%, 13.9, high water ; corrected high water 11.3.
Fath, Feet. Inch. . o
Jan. 28. Sonndmg atnoon 8 0 0 - Correctsd reading by sounding 11.4; by curves 18:1, mean 122, §
“ 29, o 8, 1 6 Index changed to19.8. Corrected reading by loundin’g 32.9, by §
. curves 13.7, mean 13.3. ;
“ 80, b 8 0 6  Corrested resding by sounding 11.9, bycsrnslz.l,mnﬁ.ﬂ,;f
“« 8L % & ... ... ... Corrected reading by curves 10.9. ‘
Feb. 1, “ “ 7. 4. 6 Ebbtidest7iA.M. ¥
« 2, “ “ ki 1 0 Ebbtideat4d P. M, (mhbbmemabbmm). Indui&.ﬁ.' e
Note to Feb. 1 and 2. The ecorrection is derived from the sm&iags snd curves.
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Serigs I1.—TipAL OBSBRVATIONS ¥FROM JANUARY 28 10 APRIL 7, 1854,
Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units
of the scale. Inereasing numbers indicate rise of water.
February, 1854. l
Mean | 8d. | Red. g’nef. 4th. | Red. |Ref.|5th. | Red. |Ref.|6th.| Red. |Ref |7th.| Red. [Ref. |8th. | Red. | Ref.
solar to | oba. to | obs. to |obs. to |obsa. to |oba. to | obs.
hour. level. | level. level. Tevel. level. level.
10.6| —6.8| 3.8(11.7| —7.2] 4.5{ 9.5 ~—5.2{ 4.3 :
1 j12.0} —6.4) 5.6]11.2; —6.0| 5.2{10.9| —7.0| 3.9011.7] —7.1| 4.6} 9.3] « | 4.1} 9.7| —4.4| 5.3
, 12,20 ¢« |51 9.2 « |48
2 3.0 « ! 6.6{13.01 ~-5.9| 7.1]11.7]| —7.1! 4.6{12.6 —7.0"1 5.6] 9.51 —5.1| 4.4 9.2 i, 5 :;
9. “ .
3 [14.0) —6.5 7.5[14.3) « | 840129 —7.2] 5.7]13.5| —6.9] 6.6]10.2] —5.0] 5.2] 9.2] = | 47
14.4| « 7.9114.7] —5.8! 8.9 : 9.2 « 4.7
4 [15.0 « [ B5[14.9] “ |[91/13.7 —7.3] 6.4{15.9] « | 9.0f11.1] —4.9] 6.2] 9.2] « | 47
15.0) « | 8501491 ¢ |91 15.8] —6.8] 9.0 9.6] « |51
5 14.8i —6.6{ 8.2{14.9| —5.7{ 9.2017.1 | —7.4{ 9.7(26.1| « |9.3(12.0{ « | 71{10.6! « | 5.5
| 14.8) < 191 16.0 « | 9.2
[ 13.9; ¢ 7.3114.2) —5.6| 8.617.5! —7.5 10.0116.0] 6.7 9.3]13.0] —4.8] 8.2]11.5] « 7.0
| | 1750« [10.5[16.0{ « | 9.3
7 121 « 5.5]12.8] « 7.2017.7] —7.6110.1116.0| —6.6} 9.4[13,7] —4.7| 9.0}12.6] —4.6] 8.0
‘; 17.7) ¢« hoafie.o] « | o9.4fid0| « | 93]
8 11.1; ¢ 4.5]11.7] —5.5| 6.2[17.4| —7.7} 9.7]16.0| —6.5| 9.5 |14.0| —4.6| 9.4/13.4| « 8.8
10.6] ¢ [ 40|98 « |43 el e | e fsr| e | e
9 1010 —6.7: 3.4| 9.2] —5.4{ 3.8[16.3] —7.8! 8.5]15.2 —6.4} 8.8113.3| —4.5| 8.8113.91 ¢ | 9.3
10.20 ¢ |35(9.2 « |38 i ' 14.0( < | 9.4
10 10.8§) “ | 4.1] 9.8] —b.41 4.4[15.5 —8.0/ 7.5 14.4 —6.3] 8.1[12.8] —4.4] 8.4 14.% “ 195
i | | 14. “ 195
11 11.95) “ o1 6.210.57 | 51015.2] —8.1] 7.1{13.6; « | 7.3[12.2) —4.3] 7.9}13.9] « | 9.3
13.00 « | 6.7 ‘
Noon {12.6; —6.8| 5.8/10.7| —5.31 5.4/15.0/ —8.2! 6.810.0] —6.2| 3.811.8| —4.2] 7.6{11.6] —4.7T] 6.9
13.2] ¢ |5.00101 « |39
1 1291 ¢ | 6.111.21 —5.4| 5.8[18.7| —8.1] 5.6[10.5| —6.1]| 4.4]11.0] « | 6.8}10.2] « | 5.5
14.1] « | 6.0 11.0{ « | 6.8
2 {141 —6.7| 7.4[12.8] —5.5| 7.3{14.4| —8.0{ 6.4[11.0] —6.0! 5.0{10.0] « |58]91] <« | 44
; 10.0] « |58]82 “ |35
3 |14.8[ « | 81(18.5) —5.6{ 7.9{15.5] —7.9, T.6{11.3] « | 53[16.0] « | 58|80/ « |83
15.1] —8.6] B.5 10.0] « |5.8]80] « |33
4 {15.2y ¢ | 8.6{142 —57 8.5(17.7] —7.8] 9.9{12.0, —5.9| 6.1{10.0/ « |58{8.0{ “ |33
O L 10.0] « |58]---
5 4.6) —6.5) 8.1114.6) —5.8) 8.818.3) 7.7 10.5012.5, —5.8] 6.7]11.3| —4.3| 7.0 81| “ | 3.4
14.7] ¢ 189184 « 107
6 11290 “ | 6.4]14.6; —b5.9| 8.7[18.0, —7.6/104|12.6; —5.7] 6.9111.4] « |71}9.7| « | 6.0
! 12.6/ « | 6.9
7 P12} —6.41 4.8114.2] —6.0] 8.2]17.2| —7.5} 9.7[12.7| —5.6| 7.1 12.2) « |7.90102) “ |55
|l o« | 7afizs] o« (82
8 6) —6.3| 3.3113.5| —6.1] 7.4[15.0| —7.4! 7.6112.7! —5.5] 7.2[12.5] « | 8.2{11.1] ¢« | 6.4
. L P2y o« rzliaz] ¢ | nepnzl ¢ |63
9 187 ¢« 2.4112.2| —6.2| 6.0{13.7| —7.4| 6.3[12.5| —5.4] 7.1 12.01 —4.4] 7.6]11.4| ¥ 6.7
84| —6.2] 2.2 ; ,j 114 « |67
10 |84, « | 2201.0] —6.4 4.6]12.4] —7.3] 5.1[11.3] « | s5.9§11.8] « | 7.4f11.4] « |67
8.6 —6.1| 2.5 | | 11.3] “ | 6.6
11 | 8.8] « 27106, —6.5] 4.1[11.9] <« | 4.6]|9.5] —5.3] 4.211.2] « |g8jl.1]| ¥ | 6.4
10.6| —6.6| 4.0111.8] « | 4.5|9.0] « | 3.7
Midp't} 9.7 —6.0{ 3.7110.6] —6.7| 3.9011.7 ~7.2{ 4.5 9.0} —5.2! 3.8]10.7| —4.4| 6.3]11.0} ¥ 6.3
! ! |
Fath. Feet. Inch.
Feb. 3. SBounding at noon 6 5 6  Corrected reading by sounding 4.9, by curves 6.7, mean 5.8,
“ 4, 1] “ cee e aee
“ 5, & &“ e e e
%6 o s [ 4 0 Corrected reading by sounding 3.4, by curves 4.3, mean 3.8.
&7 “ “ e mem aea
“ 8 h “ 6 5 6 Corrected reading by sounding and curves 6.9.
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Sgaizs TL—-Tipar Orssvamions vroM JaNvary 28 vo Armin ¥, 1854
Hmﬁy observetions on the pulley-gange. Adopted reading of mean level 7.0, expressed in uita |

of the seale, Imamgmgs indieate rise of water.
February, 18b64.
Moan |8th. | Red. {Ref [10th., Red. | Ref |1lth.! Red. [Ref. {12th.] Red. [Ref. [I3th.] Red. |Ref. [T4th.! Red. | Ref.
solar to - |ohs. to |obs. to jobs. to  |obs. to |obs, to. | cbs.
hour. level. level. level. level. 4 level. level,
o - ‘ v 4.7 | —6.7{ 8.0
1 |99 —4.8] 5.3[11.4) —5.61 5.8]10.7| —6.3] 4.4{11.1| —6.2{ 491142 '« T.519.5 —95.4.10.1
2 |88 ¢ 4.2111.0{ —5.7 1 5.330.1, ¢ 3.8111.1| = 49113.6, « 6.9]18.5| —9.6! 8.9
8.4 @ 3.8
3 {84} « | 881104|—b584.6]88 2.5§10.2] ¢ 4.0]12.7| —6.8] 5.9{16.0] —9.8| 8.2
8.4 « 3.8
4 | B4 « 3.8410.0; —5.9 | 4.14 8.2] ¢ 1.91 9.0] ¢« 2.81 9.7 “ 2.9]14.0}—10.0| 4.0
8.4 « 3.8 791 « 1.6f 9.51 * 3.3 :
& 8.8 ¢ 4.2116.0| —86.0 | 4.0] 7.5| —6.21 1.39 9.2} & 3.04 8.2 « 1.4{13.7{-10.1} 3.6
7.5 1.3§ 9.0} « 2.81 8.0 1.2
8 10,0 « 5.4{10.0| —6.11 3.9} 7.8; ¢ 1.6] 9.0f # 2.8 7.6 —6.9; 0.7]13.3]—10.3| 8.0
9.8 « 3.7 9.0 « 28] 856 “ 1.6]12.9]—10.4} 2.5
7 116y ¢ 7.0]11.0| —6.2 | 4.81 9.1} ¢« 2.9 9.77 « 3.5189 « 2.0{12.91—10.5| 2.4
13.7 |~10.6{ 3.1
8 138 « 8.2]12.8| —6.3 ] 6.5{10.3} —6.1 4.211.2} « 5.0{10.9| *« 4.0]14.7{—10.7| 4.0
‘9 1135 = 8.9]15.0{ —6.4 | 8.6{12.6| “ 6,513.2| « 7.0113.0| —7.0] 6.0{16.2|—10.8, 5.4
15.2] 8.8
160 |14. “ 9.515.7| —6.5 | 9.2[15.6] “ 9.4115.3) « 911801 ¢ 9.0118.7|—10,9| 7.3
14.3] “ 9.7]15.7] ¢ 9.2 16.6] “  110.4{16.9] ¢ 9.9
11 [14.2] « 9.6{15.7| *« 9.2116.1 « 30001777 « {11.5§19.1] ¢ P2.1{20.8|—11, N
13.8;] 9.2{15.0| « 8.5[16.4] « [10.3j17.41 & 111.2]19.67 ¢ {12.6
Noon {13.6| —4.5} 9.1[14.0| —8.6 | 7.4}16.5| —6.0{10 5117.1| —6.3[10.8119.5| —7.1 {12.4}21.7 |—11.2 30.5 |
16.1 “ 0.1 19.5| —7.2{12.3f--- .-
1 135 « 9-0?13.9 “ 7.3115.7 *« 9.7116.0; « 9.7119.5] —7.3112.2124.8] « - |13.6
24.3] ¢ 131
2 [12,7] « 8.2113.4| ¢« 6.8113.6f « 7.6114.71 « 8.4117.9| —T7.5{10.4123.2|—11.311.9
3 12| —4.6) 6.6§10.7] « 4.1{11.4| « 5.412.3) —8.4] 5.9]16.7 —7.7| 9.0421.5 | —11.4/10.1 |
4 }9.0| —4.7) 4.3} 8.7, —6.5{ 2.2] 9.5] « 8.6 r’IG.O ¢ 3.6]16.3| —7.91 8.4]19.6| =« 8.1
8.3 « 3.6| 8.0 1.5 8.0 « 2.0 14.5| —8.0} 6.5 ]
5 |80 ¢ 8.3} 8.0| « 1.5} 7.8 « 1.819.7 « 3.3{12.9, —8.1} 4.8{16.7|—115] 6.2
8.7 —4.8| 3.9} 8.0} * 1.5] 8.0f « 2.0 12.3| —8.2{ 4.1
6 ]93] « 45] 8.0 « 1.5} 80| -« 2.01 89 —85] 2.413.1{ —8.3| 4.8]14.7; « 3.2
8.0 « 1.5 8.81 « 2.3 143 « 2.8
7 |97 —4.9 4.8] 85 « 2,01 9.6 ¢ 3.6 88, « 2.3115.2; —8.4} 6.8{14.2/—11.61 2.6
8.9y « 2.4 14.2] ¢ 2.6 1
8 {11.0| —5.0 6.0{ 9.8| —6.4] 3.4110.3} —6.11 4.2} 0.7| « 8.2{16.3] —8.5| 7.8034.6| 8.0
9 17| —5.1] 6.6411.2] « 48114} « 5.3} 9.9] —8.6] 8.3]16.3] —8.71 7.6{15.1| « 8.5 ;
10 {12.4| —5.2; 7.2{12.3] ¢ 594121 * 6.012.6; 6.0{18.7! —8.87 9.9115.8 | —-11.7! 4.1 {
. 14.3| « 7.7119.1] —8.9i10.2 1
11 j12.3) —5.3] 7.012.7; « 6.3{12.9] « 6.8416.0| 8.4{19.6) —9.010.6116.8 49
12,6 —b6.41 7.2 12.7] " « 6.3113.3] « 7.2115.0 8.4119.5| —0.1110.4 1
Midn’ti12.4} —b6.5 6.9 112.9 —6.31 6.6[13.8] « 7.7485.1| —6.7{ 8.4{19.5 | —9.2110.3117.4 11,8 5.6
Feb. 9. No sounding.
Fath. Peet, Inch.
“ 10. Soundingatnmoon 7 2 0  Corrected by sounding —6,6, by curves -——&.0.
“ 11. & &4 - - PR :
* 12 “« “ 7 4 6  Ebbtide at 6 P.M. Corzected by sounding —6.6, by ourves -
~—£6.0, msan ~—6.3. . E ]
J “ 18 “ “ 8 1 6  Corrested by sounding —8.8, by curves —T7.6, mean -—:-2:‘ o
) . ‘14, No sounding. . » S T
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Ser1es II.—TipaAL OBSERVATIONS FROM JANUARY 28 To ApRIL 7, 1854,

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.9, expressed in units
of the scale. Increasing numbers indicate rise of water.

February, 1854.

Mean ]5th.} Red. ?Ref. 16th.| Red. |Ref. {17th.! Red. | Ref. |18th.] Red. |Ref [19th.| Red. | Ref. [20th.] Red. | Ref
solar to | obs. to | obs. to I obs. to |obs. to |obs. to | obe.
hour. level. | level. level. | level. level. level.
93.61—11.8 11.8(22.2| —9.1]13.1/20.7 —9.7 11.0
1 §23.6, *« 11.8/22.2| —9.2/13.0{21.2| —9.6 11.6{16.5{ —8.0| 8.517.8] —8.2] 9.6]11.3| —5.4| 5.9
23.50 “  11.7{221| —9.3]12.8]21.6] “ [12.0
2 |23.5:—11.2°11.622.1| —9.4|12.7|21.8 | —9.512.3|18.0{ « 110.0]18.6] ¢ [10.4{13.7| * 8.3
21.8; ¢ [12.3(18.4} —7.9(10.5
3 [23.5] ¢ 111.620.9| —9.6(11.3|21.9| —9.4:12.5]18.5] « {10.6[19.4] —8.3|11.1{15.5; « |16.1
21.9) ¢« 12.5{18.6] ¢ 10.6{19.6] ¢« 111.3]15.9) « (10.5
4 1197, « 17.8{19.0; —9.81 9.2{21.9| —08.312.6{18.2| —7.8110.4[19.6 | —8.4]11.2{16.2| « |10.8
| 19.6] ¢ [11.2[14.9; « 9.5
5 |17.7\—12.0, 5.7{16.3| —9.9| 6.4|19.0] —9.2] 9.8]16.3] 8.5119.31 * 110.9{14.0{ —5.5| 8.5
6 [16.1:—12.1; 4.0114.7/—10.1| 4.6[16.4| —9.1| 7.3115.0| —7.6{ 7.4[172.7] —8.5] 9.2112.7{ « 7.2
7 [156.3; « 3.2[13.2—10.3 | 2.9114.3| —9.0; 5.3{11.8; ¢ 4.2115.8; « 7.3]11.4 # 5.9
12.9~10.4; 2.5]12.9] 3.9 )
8 [15.5,—12.2} 8.3{12.7|—10.5| 2.2]12.9] —8.9] 4.0/10.6 * 3.0/14.2| —8.6| 5.6{11.0| « 5.5
13.7(—10.6; 3.1[13.01 ¢ 4.1110.4| « 2.8 110} « 5.5
9 {17.6—12.3! 4.8|14.8|—10.7| 4.1{18.5| —8.8! 4.7/10.2] —7.5] 2,7|13.5] « 4.9111.0) « 5.5
1021« 2.7 114 « 5.9
10 [19.7|—12.4{ 7.3{16.0|—10.9| 5.1{15.4| —8.7! 6.7]10.3| « 2.8/13.3| —8.7| 4.6]11.0| « 5.5
13.3] « 4.6{11.0; < 5.5
11 {223 « 9.9117.5—11.0| 6.5118.0f ¢ | 9.3[13.5) « 6.0{13.2 4.5111.0 « 5.5
2.1 ~~8.611.5 13.3] « 4.6{11.3] 5.8
Noon (24.6|—12.5(12.121.2,—11.1{10.1{14.6] ? |---134.5! —7.4; 7.1{18.6] —8.8| 4.8{11.7| —b.6 | 6.1
25.2) ¢« 112,7)22.1] « 110 -
1 [19.5| —6.8112.7124.0—11.013,0117.01 ? |---]15.3; ¢ 7.9{14.3| —5.5| 8.8[12.2{ « 8.6
19.8] —6.9112.9123.9] <« 12,9 }
2 119.8] —7.0/12.8{24.0—10.9{13.1{18.3 1 —6.6 11.7{17.2; —7.5] 9.7|15.6] « [10.1|15.5] 9.9
: 24.0f “ (131 17,7 ¢« [10.2{15.9] ¢ |10.4
3 [18.3| —7.2/11.1|22.5|—10.8{11.7(18.2| —6.7|11.5(17.7| —7.6]10.1{18.2] <« |10.7[15.5] % 9.9
17.6) ¢ [10.0|16.2] “ |10.7{16.0 10.4
4 118.4), —7.411.0{21.9—10.711.2[17.2| —6.9 10.3|17.5| ¢ 9.9(15.7; ¢ 110.2{16.3| « [10.7
! 15,7 <« 110.1
5 [17.2| —7.6| 9.6[18.8 i-—lO.G 8.2115.41 —7.1! 8.3{15.9| —7.7| 8.2{15.4| —5.51 9.9{15.8] « [10.2
6 [14.7; —7.8] 6.9]16.0 —~10.5| 5.5{12.9] —T7.2! 5.7[14.4] « 6.7{14.3| « 8.8]15.5] ¢ 9.9
7 112.7| —8.0| 4.7]15.6 —10.4| 5.2/11.2| —7.3] 3.9{12.8} —7.8] 5.0]12.0] « 6.5]15.5| ¢ ---
12.4] —8.1, 4.3
8 [12.3] —8.2| 4.1{12.9,—10.3| 2.6 8.8, —7.5; 1.3|11.6] 3.8{10.3] « 4.8116.5¢ ¢ [---
13.7 —8.3, 5.4/12.5.—10.2) 2.3} 8.0} —7.6! 0.4711.1 —7.9] 3.2
9 [15.6} —8.4i 7.2112,8—10.1] 2.7] 8.01 —7.7!| 0.3[10.9{ « 3.01 8.9 —5.4, 3.5114.1} “« |---
! 8.0 « 0.3110.9: ¢ 3.0
10 |[18.1) —8.6) 9.5[14.3 —10.0| 4.3| 8.7 —17.8! 0.9{11.0, —8.0! 3.0| 8.4} « 3.0{18.7; “ |---
! 8.4 « 3.0{13.6 ---
11 [19.3} —8.8:10.5(17.1; —9.9| 7.2111.0{ —7.9| 3.1]12.3] « 4.3] 8.4 « 3.013.5| * |---
| 8.5 3.1418.5] “ |-.-
Midn’t{20.4| —9.0 11.4119.7| —9.8| 9.9/13.8| —8.0| 5.8{14.3 —8.1| 6.2| 9.4} —5.3] 41{18.5| “ |[---

Fath, Feet, Inch.
Feb. 15. Sounding at noon 8 1 0 Correction by sounding —12.2, by curves —12.8, mean —12.5.
143 16' 113 113 - - - - - -
13 17. 143 143 7
£« 18‘ 113 "® 7
[11 19. 14 « 7
- 20. No sounding.

6 -
6 Corrected reading by sounding 6.9, by curves 7.3, mesn 7.1.
0 Corrected reading by sounding 5.4, by curves 4.2, mean 4.8.
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Senres 1L TI0AL vaumns PROM JANTARY 28 10 Arm X, 1854

| Hourly observations on the. pulley-gange. Aﬁopte& -reading of mean level 7.0, expressed in units
of thé scale. Immsaing numbers %mﬁeate rise of water.

February, 18564.

Meoan | 21st.] Red. [Ref. [22d.| Red. |[Ref.|23d.| Red. |Ref |24ih.] Red. [Ref. [25th.] Red. |Ref. (28th.] Red. |Raf.
solar to |obs. to |obs. to |aobs. to |obs to |obs. to | obs.
hour. level. level. 1 level. level. level. level.
410,56 | —6.0! 4.5 . . ; :
1 }--- ---110.71 “ 4.7112.4| —7.2] 5.2]114.4:—10.9| 3.5} 9.8} —2.1} 7.7]10.6] —2.2] 8.4
11.8) —7.3] 4.5{14.2] « | 3.3
2 {--- --={115] & 5.5 11.8] —7.4 4.4]14.5 |—11.0} 3.5] 7.8] 5.7] 8.8 ~241 64
11.8| —7.5] 4.3 :
3 j--- --12.9; # 6.911.8| —7.71 4.1(14.93—11.1 3.8} 5.8| —2.2] 3.8} 6.4] —2.7!| 3.7
- 12.1| —7.8] 4.3 5.3] « 3.1
4 {--. ---{14.2] “ 8.2{13.01 —8.0} 5.0]16.1 —11.2] 4.9 5.1| —2.3| 2.8] 5.2| —3.0] 2.2
- 15.4] 3.1} 41] —3.11 1.0
5 |--- ---114.1 ? ---114.3| —8.2| 6.1117.2,—11.8] 5.9] 5.8 “ 3.3] 4.2} —38.2] 1.0
h ) 43! —3.3] 1.0
6 }--- ---113.6) * ---J15.8] —8.3]| 7.5/18.31—11.5| 6.8} 7.6| —2.4] 5.2| 4.7{ —3:5| L2
7 1{--- T---118.21 « -<-116.8| —8.5] 8.3{19.4|—11.6; 7.8} 9.7} ¢ 7.3} 6,67 —3.7! 2.9
8 {--- -== {127 4 ---1181} —8.6§ 9.5{21.7 |—11.8| 9.9]11.0] —2.5| 8.5] 9.0| —4.0! 5.0
15.0{ —6.2! 8.8 ‘ i
9 j--- ~wJ155) ¢« 9.3118.4| —8.7 9.7{ L21=11.9110.3{12.7] ¢ [10.2{11.0} —4.3! 6.7

16.6] « 9.4 22.2| ¢ .110.3

10 |--- ---ie9] ¢ | 87)19.1] —8.8{10.322.3 —12.0[10.3[18.8| —2.6|11.2]13.0] —4:6] 8.4
19.5] « 107 13.8] ¢ 1.2
i f--- ---h42! ¢ |8.0l19.3] —8.9010.4/22.2|-12.110.1133.8] « [11.2}146| —4a0] 97 |
Noon |--- ---J12.8] —6.2] 6.618.7] —9.0| 9.720.7/—12.3| 8.4/18.7| —2.7/11.0[15.4| 5.4 10,0 }
17.0| —5.5]11.5
t |--- ---22] « | 6.0f17.9] —9.3] 8.6]10.0] —1.7| 8.3]11.4| —1.9| 9.5]17.5| —5.6/11.9
, 15.7 | —5.7{10.0
2 |--- ---p122| « |eof67| —9.6| 7.1] 7.6| « |59} 9.0l —1.0|s.0f15.0] —5.8] 9.2
3 |---| - ---2.2| —6.3} 5.9116.1| —9.9| 6.2} 6.6| —1.8| 4.8] 6.0] —1.1| 4.9}13.1| —s.0] 7.1
16.01—10.0| 6.0) 6.0 3.2
4 |--- ---f125] « | 6.216.0(—10.2] 5.8] 4.6] « | 28] 47| —1.3| 3.4}10.3] —6.1| 4.1
11.0] « |47p60] « |58]53] « |85/33 « |20 )
5 |--- ---pL7| —6.4| 5.3}16.2 571 5.6 « |3.8]3.7 —14| 23| 05| —6.2| 3.3
. 129 « |65016.6] « |64 ' 19.4] —6.3] 31
6 |--- ---pa2) « | 7.8{17.0/—10.3] 6.7) 6.4] « | 4.6} 41| —1.5| 2.6] 9.4| —g.4| 3.0 |
9.5| —6.5] 3.0 |
7 {--. igé —8.5 g.g 18.0f “« 77|77 « |5.9]64] —1.6]8.8] 9.8 —6.6 3.2
141 E R
8 [18.5| —5.8| 7.7[15.7| —6.8| 9.1[18.9|—10.4 8.5] 9.6| —1.9] 7.7} 8.0| —1.7} 6.3111.5] —6.7| 4.8
: 15.6] « |9.0/19.3] « |89 :
9 {125 « |6.7[15.3 —6.7/ 8.6{19.3|—10.5] 8.8f10.8] « | s.9l0.2] —18}84l15.0 —68| 82}
15.1 7.4[19.3| « |g8.8[11.3 9.4 A , 1
10 [1L.2| —5.9| 5.3[15.0] —6.8] 8.2[19.0|—10:6| 8.4/11.6] « | o.7h1.9] —1.9}10.00163| —6.8] 9.4 £
, his 9.7j12.3] « |10.4
11 {104, « | 45014.6) —6.9| 7.7/18:5|—10.7| T.8J11.6] « | 9.7)12.4] —2.0010.4]17.8] —7.0l10:8 |
10.5] « | 4.6 11.6 9.7)12.4) « j104 '
Midwt}10.2] ¢ | 4.3/13.8| —7.0{ 6.8{16.4|—10.8| 5.6{10.6

~20| 8.6/12.3| —20/103[16.4) —7.1118" :

Feb. 21. Readings irregular, tide-gauge out of order at 8 A. M., repaired at noon. Soanamg?m,ltt.,ﬁh.
-Feb, 22 and 23, No sounding. 3
Path. Feet. Inch.
Feb. 24. Sounding atnoon. 6 5 0 . Corrections derived from onrves.
“ 2%, 6 o« 7 -0 6  Ebbtideat11A M. Gormotiamda'lndﬁ'omcnrvu.
“ 26, 0« “ T 5 6 Correction derived from the means by scundipg and carves.
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RECORD AND REDUCTION OF THE TIDES.

SErIES II.—T1pAL OBSERVATIONE FROM JANUARY 28 v0o APRIL 7, 1854,
Hourly observations on the pulley-gauge. Adopied reading of mean level 7.0, expressed in units
of the scale. Increasing numbers indicate rise of water.
February, 1854. March, 1854.
Mean 27&!:.; Red. | Ref. |28th.] Red. |Ref.] 1st. | Red. |Bef.| 2d. | Red. |Ref | 3d. | Bed. |Ref.|4th.| Red. |Ref.
solar to | obs. to [obs.{ to | obs to | obs. to |ebs. to |obs.
hour. level. Jevel. level. level. level, lovel.
15.0 —4.9110.1{15.5| —5.0{10.5{16.2! —5.011.2|14.5| —5.4| 9.1
1 [18.3 —7.3]| 11.0{14.8] « 9.9116.3| « [11.3f17.0] « (120156 ¢ |10.1]131]| —5.1| 8.0
17.00 « [12.0{16.0 - [10.6
2 {17.5|—7.4| 10.1]12.8; « 7.916.3! « [11.3{17.0, ¢« 12.0(16.0] “ {10.6}15.4] —5.0{10.4
16.51 ¢« J11.5]16.0 10.6§15.9] # 110.9
3 {17.8.—7.5( 10.3111.0; « 6.1113.9] ¥ 8.9116.0, « [11.0{16.0! ¢ [10.6{16.0| —4.9[11.1
‘ 15.7 10.3{16.0; ¢ |1L.1
4 {1931 ? 1..-178] « 2.9[12.0| « 7.0115.1] « |10.1]14.8] —5.5] 9.3{15.8. ¢ 110.9
5.3 —4.8{ 0.5
5 |44 « 1—0.4]55 « 0.6]10.5| 5.5]12.8; « 7.8}13.86] « 8.1{14.2| —4.8] 9.4
4.4] ¢ 1—0.4] 5.6! = 0.6
6 {50 « 0.2{ 5.0, « 0.1] 7.2} « 2.2111.1 8.1{12.4 ¢« 6.9112.1; « 7.3
5.0, 0.11 5.5 €« 0.5 1
7 158 & 1.0] 5.0, « 0.1] 5.5 « 0.5] 9.0, # 4.0[11.1) —5.6} 6.5 9.7 ~—4.7| 5.0
6.2 « |1.3[55 0.518.81 ¢ |38 9.1 « |44
g |83 « 351 7.0, « 2.1} 5.5 = 0.5 7.5) « 2.5] 9.4; « 3.8 8.6 « 3.9
e 5.7] « 0.7 ¢ 8.1 2.5] 871 « 4.0
9 (111 6.3110.0, « 5.11 7.04 ¢ 2.0 8.2; 3.21 9.0| ¢« 3.4] 9.0y « 4.3
10 [14.4] « 9.6112.9] « 8.01 9.5 « 4.5110.0; ¢ 5.01 9.7, —5.7] 4.0] 8.4, « 3.7
i B7| « 4.0
11 1‘2-3 “ 1115 16.0; “ 1110185 « 8.5112.8] « 7.8111.21 # 55097 « 6.0
16.9 12.1
Noon (17.61—4.9| 12.7117.7! —4.912.8{16,1{ —5.0/11.1}15.6 | -—5.0/10.6{13.8! —5.8] 7.5]12.1| ~4.6! 7.5
16,00 « |11.1[17.9/ « [13.0
1 [5.3; « {10.4{17.9, « [13.0{17.6] <« |12.6{17.9] « |12.9{15.7| 991135 « 8.9
17.20 « 12.3[17.97 « [12.9{18.0f « [13.0
2 (141 « 9.2115.91 « 11.0017.9| <« 112.9118.0) ¢« 113.0{16.0, —5.7[10.3115.3] “ |10.7
| 17.21 ¢« (12.2 16.6! « j10.9{15.5] <« 110.9
3 (12.8] « 7.9[13.4 = 8.5(16.7] « [1L.7[17.2{ —5.1112.1{16.3{ “ {10.615.6| —4.511.1
: 16.3; ¢« [10.6§15.2] “« {10.7
4 |87 « 3.819.71 « 4.8113.9] « i 8.9115.8/ « 110.7]15.3] « 9.6[15.0, ¢ 110.5
54T« =037 8 « |29f124| « | 7.4[144] —5.2 9.214.9 —5.6] 9.3/12.9| —4.4] 85
5.« |—0.4 | | E
6 |40 « 1—09]62] =« 1.3[11.7] « | 6.713.4] « :s2l142] « 8.6{11.2;, ¢ 6.8
4.0{ « |~0.9f60 « |11 ! :
7 |47 « |—0.2] 60 ¢ |LIj1L1} ¢ 610120 “ |6.8018.5) —5.5| 8.0] 9.9] « |55
! 6.0, “ 11 t 11.3] « | 6.1
8 |65 « 1.6} 6.0, « 1.1} 9.4} ¢ | 4400.0; —5.3| 47{12.1, « 6.6] 8.2 —4.3| 3.9
. 64 ¥ 1.5] 8.5 « i 3561 7.7, ¢ 2.41 8.6, « 3.1] 6.4| « 2.1
9 |89 « 4.0| 80, « 3.11 6.3] « i 1.3} 7.5 « 2.2} 6.9, —5.4| 1.5] 5.2 —4.2| 1.0
7.2] ¢« [ 22]7.2) « 1.9 6.9 ¢« 1.5} 5.3] ¢ 1.1
10 j11.6} ¢ 6.7(10.4. & 5.5] 8.9 ¢ l3.9]85 =« 3.2] 1.2] « 1.8] 5.3 * 1.1
i 6.0 —4.1{ 1.9
11 |13.8: « 8.9{15.8° « [10.9011.8] « | 6.811.2] « 5.91 9.2, —5.3| 3.9} 64| * 2.3
147, ¢ ! 9.8117.0; ¢« 121} ! !
Midn’t{15.2) ¢ | 10.3[17.3. §12.4 14.6] « | 9.6 13.9] —5.4| 8.5[11.4} —5.2| 6.2] 8.6 —4.0] 4.6 -
, | | , !
Fath. Feet. Inch.
Feb. 27. Bounding at noon 7 5 6 Mean correction by sounding and curves adopted, the latter
% 28, No sounding. [showing weight 2.
March 1. No sounding.
“ 2. Soundingatmoon 7 5 6  Corrected reading by sounding 11.0, by curves 10.2, mean 10.6.
“ B, “ “ 7 1 6  Corrected reading by sounding 7.0, by curves 8.0, mean 7.5.
“ 4. No sounding.
R
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Smrres 1. TiDAL OBSERVATIONS FROM JANUARY 28 10 APRiL ¥, 1854,
Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units
of the scale.  Increasing numbers indicdte rise of water.
March, 1854,
Menn | 5th.| Red. |Ref.|8th.| Red. |Ref |7th.| Red. | Rof. |I16th.] Red. |Ref [11th.| Red. {Ref. [15th.] Red. |Ref
solar to | oba. to |obs. to | obs. to |obs. obs. to  ‘obs.
hour. level. { level. lovel. level. level. , level,
15.1| —6.9| 8.2{17.6 —8.4]11.2
1 [10.5| —3.8] 6.7/10.7| —3.5] 1.2} 9.7{ —4.1} 5.6 s.it —4.7 ti 14.3] “ | 7T4{17.5] —6.5411.0
9_ [13
2 el # {sol1a1| « |s86j110]f « |69]8.9] —4.8 tl 18.21 —7.0] 6.2[15.7| —8.7] 9.0
8.9 « 1 ,
3 hav| —8.9|9.0/13.2| —8.6] 9.6J12.1| « |8.0} 89| —4.9] 4.0125] « |55]15.2] —6.9] 8.3
12.8) % |91 9.0/ « |41f124| « |54 ;
4 28| —3.6] 9.2014.0| “ 10.4{12.8] « | 8.7} 9.0| —5.0| 4.0[12.4] * | 5.4{14.0] —7.1] 6.9
1.9 « |83/141] « 10.5]12.9 8.8 9.0 « |4.0pn24| « |54
5 h1v7| —8.5] 8.2[114.1] —8.7]10.4[12.9] « | 8.8 9.0 —5.1| 3.9{12.4] <« | 5.4011.5| —7.3] 4.2
11.2| -« | 7.7)14.0] « [10.3{12.9 8.8] 9.6] —5.2| 4.4{12.4] « |54
6 j10.9| —3.4] 7.5[18.9] « {10.2[12.9] —4.21 8.7{10.0] —6.3| 4.7}12.4] « | 5.4010.2] —7.5] 2.7
12.9 8.7 12.5| « |5.5[10.0] —7.7! 2.3
7 19.7) ¢ i{63{129} 3.8/ 91129 « 8.; 11.3! -—-5.4| 5.9[12.8} « | 6.8]10.7] —7.9] 2.8
12.9 8.
8 187 —3.3|54/122] « 840129 « |87/13.1] —6.5] 7.6/14.2] « | 7.2[12.4] —8.1] 4.3
74] ¢ 141 12.7 8.5 .
9 {6.3]—3.2|31{10.1] 3.9} 6.212.1] « | 7.9115.2| —5.6{9.6f16.0] « |9.0017.0] —8.3] 8.7
6.6] = |3.4f10.0] « |61 15.5| —5.6] 9.9
10 | 6.6] —8.1| 3.5{10.0] « |6.1f10.5] « | 6.3{15.5} —5.7] 8.8{17.21 « fo.2j19.2| —8.5/10.7
6.7/ « |3.6110.01 « {61105 6.3116.5] « | 9.817.5] ¢« [10.5
1 | 73] « |42]10.0] « |6.1[10.0{ « |58115.3] —6.8] 9.5{17.6] ¢ 110.6{20.7] —8.7}12.0
10.4 6.5]10.2 6.0 " 2L5 | ~8.812.7
Noen | 9.5 —3.0{ 6.5[10.4] —4.0{ 6.4]/10.2| —4.3{ 5.9[15.0] —5.9} 9.1] -.- 18.0] —8.9! 9.1
1 o6} « |7.5011.8] « {7.3]105) ¢ | 6.2]14.0{ —6.0| 8.0 18.3| —8.01 9.3
2 1181 —8.1| 8.712.0] « |80 11.9] —8.1] 6.8 17.3; —9.1! 8.2
12.3] « 9.2
3 [13.2) « qjl0.1f12.6] « | 8.6 11.5| —8.21 5.3 16.0| —0.2] 6.8
18.21 ¢ 110.1 - 11.4] « |56.2] .
4 [18.3] —3.2{10.0f12.9] « | 89| £ 11.3] « |51| % B8y ¢ 145
127 « | 9.5 % 11.3{ —6.3] 6.0| &
5 [11.9| « |187/133] « |93| & 11.3| « |5.0| E 12.9| —0.31 3.6
- 13.6] « |98}~ 11.6] « |5.3] =
6 |10.4| —8.3]| 7.113.3| « ]93] § 11.8| —6.4| 5.4] § 12.6| —~9.4| 3.2
< (=3 12.4 & 3_0
7 |98 « |es5f127] « |87]8 12.3| —8.5| 6.8] 3 12.3| —9.5| 2.8
@ 12.3| =« |28
8 188 « |s55f122] « |s2|8 * 129 « 64| 8 12.3| D8] 2.7
- 2 123 « |29
9 ;Z ~—3.443] 96| ¢« 55| & 13.6 | —8.6] 6.9 § 14.0) 8.7 4.3
R {3 4.0
10 |73 « 139]82] « |42 é 15.0] —8.7] 83| & 16,6 0.8 6.7
7.5] ¢« 41181 « |41 | 16.5¢ ¢« | 8.8
1| 7.8 % | 4481 ¢« 141 15.51 « |88 5 19.1] ~9.9] 9.2
84| « |44 15.5] « | 8.8 S
‘umn’e‘ 9.2\ 3.5 5.7} 8.6| —4.1] 45] 15.5. —-6.81 8.7 ' fzo.s 1001105
March §. Soundings at noon 6 fath., 3 feet, § inches. ' Correction from curves. March 6. No sounding.
“ 7. Tide register broke at 9 A. M., was repsired immediately. No sounding. March 8. -No spunding.
Fath. Feet. Inch.
“ 9. Bounding at noon 6 4 0
E1 10‘ (13 (14 7 0 0 ‘
11, &« “ 7 - —— March 12. No sounding and but a few ob&ervaﬁ@sm~
“ 14, « “ T b 6 “ 13, But few observations taken. .
« 15, « @ 8§ 3

The corrections afler March 7 are derived from curves. :
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;
SEr1ES 1I.—T1pAL OBSERVATIONS FROM JANUARY 28 10 ApmiL 7, 1854. |
Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units |
of the scale. Increasing numbers indicate rise of water.
March, 1854.
Mean |16th.| Red. |Ref. (17th.| Red. |Ref. |18th.| Red. | Ref. 19zh.1 Red. | Ref. {20th.] Red. gnef 28d. | Red. | Ref.
solar to |obs. to |obs. to |obs. to |obs. to |obs to |obs.
hour. level. level. ; level. level. level. | level.
20.5 —10.0 10.5 19.8|—11.0 5.8 )
1 -j20.5| ¢ [10.5|21.4| —9.6[11.8119.5 —8.810.7[21.4/—10.311.1{20.9] « | 9.9] .
20.5| « 110.5[21.6] « [12.0/120.3] « [11.5] | 2 2
2 120.0 “10.0}21.6 « 112.020.9| ¢ [12.1122.2/—10.4{11.8121.3 « 10.3] &
21.0 “ 111.4120.8 “ o 112.0422.7 “112.3121.5 “ 1105 g
3 [17.5 ¢ 7.5119.8] —9.5[10.3119.5 “ 110.7122.71—10.5112.2{21.7 “ 107~
22.7 « 0 112.2122.4 ¢ 11,4
4 (154 “ 5.4[17.5 ¢ 8.0117.7| —8.7 9.0[22.2|—10.6]11.6]22.4] « [11.4{10.4] —4.0| 6.4
22.4] ¢« 124
5 [15.1'—10.1i 5.0116.7] —9.4| 7.3115.9 “ 7.2119.2 “ 8.6 122.2 « 111.2§10.5 | —4.11 6.4
6 14.8 & 4.7114.8 “« 5.4112.4 “ 3.7[17.0 —10.7| 6.3]19.3 & 8.3111.51 —4.2] 7.8
12.3 “ 8.1
7 1437 « 4.2(12.71 « 1 3.3{11.2] « 2.5{15.0] « 4.3[19.0f « 8.013.21 ¢ 9.0
14.1 “ 3.4 13.7 ¢ 9.5
8 {13.9 “ 3.8110.3 “ 0.9110.7 “ 2.0{13.4 ¢ 2.7 13.2| —4.3} 8.9
13.3] « | 3.2{10.0| —9.3 0.7{10.5] « | 1.8[14.1] « | 3.4
9 [15.6 “ 5.5111.2) « 1.8(10.3 & 1.6114.7,—10.8 3.9 12.6 | —4.4 8.2
10.3; « | 1.6
10 {16.5 ¢ 6.4116.0 “ 1671103 ¥ 1.6116.2 & 5.4 12,0 —4.5| 7.5
11 [18.3) « 8.2119.6 1 —9.2{10.4}13.3| « 4.6[17.21 « 6.4 11.0{ —4.7! 6.3
Noon {18.3'—10.2| 8.1{17.0] ¢ |---l14.6; —8.6| 6.0{19.3| « | 8.5 11.2| —4.8| 6.4
18.4) « 8.2
1 ]18.6 “ 8.4]19.6| —9.2:10.4{16.9 « 8.8i20.3] « 9.5] . 11.1} —5.0; 6.1
185! « |83 2 111 « le1
2 [18.5 —10.1; 8.4{19.5 « 110.3{18.2] —8.7| 9.5{21.5 “ 110.7{ 10.4| —5.11 5.3
18.1 9.4121.61—10.9 10.7| & 105 “ | 5.4
3 {15.0] « 4.9118.6; —9.1 9.5[18.1 “ 9.4 21.6{ « 110.7] = 11.1| —5.2; 5.9 |
‘ { 216 « 07| &
4 {13.51—10.0{ 8.5]17.2] « ! 8.1[16.0; —8.8/ 7.2121.4] « [10.5 -g 11.8| —5.4| 6.4
13.21 « 3.2 , s
5 113.0 “ 3.0{16.8 « 1 7.7114.6] —8.9] 5.7[20.2 [ 9.3] & 12.2| —b5.5 6.7
13.0] ¢« | 3.0 ‘ ! =
6 113.0] —9.9| 83.1(15.7;, —9.0 6.7(14.1} —9.0] 5.1{17.2] =« 6.3 © 13.4| —5.6| 7.8
13.0] « |31 !
7 {13.0] « 3.1]14.3 ¢ 1 5,3]13.1} —9.1} 4.0{13.9 “« 3.0 13.9| —5.7| 8.2
13.0 & 3.1 12.6 | —9.2| 3.4{13.7 “ 2.8
8 (13.0 “ 3.1112.17 «  3.1(12.4, —9.3! 3.1{13.5 € 2.6 14.2| —5.8; 8.4
18.3] « | 34102, ¢« | 1.2012.5| —9.4] 3.1{18.5] « | 2.6 1431 « |85
9 (14.8] —9.8! 5.0/10.4! « | 1.4{13.0/ —9.6| 3.4;13.5! « | 2.6 14.0f « | 8.2
11.3 “ 2.3 13.5 “ 2.6
10 {15.8! « | 6.0{13.2 —8.9 4.3[14.2] —9.8! 4.4]14.01 « |31 13.8| —5.9| 7.9
11 {18.3 “ 8.5]13.6; . « 4.7117.2,—10.0! 7.2118.4 & 7.5 12,2 « 6.3
Midn’t|20.og —9.7110.3 13.9% « 150 19.2\—10.2‘ 9.0120.9|—11.0} 9.9 12.0{ —6.0| 6.0
Fath. Feet. Inch.
March 16. Sounding at noon 8 —
“« 17, o« o« 7 5 6
« 18w w 7 3 0
“ 19. No sounding. .
« 90, « « Corrections from eurves.
¢« 21. Bounding at noon 6 1 0
« 92, o« o« 6 0 0
¢ 23. No sounding. o
T
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Heourly observations on the mihy-gwga. Adopted reading of mesn level 7.0, expressed in nuits - ?
of the scale. Incressing numbers indicate rise of water.

March, 1854.
Mosn [24th,| Red. |Ref. [25th.] Bed. |Ref.[26th.| Red. |Ref. |27th.| Red. |Rof. [28th.] Red: | Ref. {m. Red. [Bet. |
solar to |obs. to |ebs. to |obs. to . |aobs. to obs. to {obs,
hour. level. level. . level. fevel. Jevel. « 4 level.
J , 6.6 |—3:512.0 §
1 1.8} —6.0) 5.3] 8.5| —0.1| 8.4 9.9| —2.9| 7.0110.2] —1.1| 9.1 156.0| —4.7} 10.3116.3 |—8.3 12,0}
10.9 “ 4.9 ] 14.0) ¢« 10.7§
2 No.9| —6.1] 4.8 6.5] —0.2} 6.3} 8.3| ~—3.0| 5.3] 8.2; —1.8] 6.9{124 —4.9} 7.5[18.3]—3.2{10.1 }
10.9 & 4.8] 5.6 “ 5.3 : 8
3 [1.2{ —6.2| 5.0} 5.6 —0.3| 5.2} 7.5 —3.2| 4.3] 6.0 —1.4{ 4.6} 9.7 —5.11 4.6/11.3-3.1]{ 8.2}
; 5.5 ¢ 5.2} 7.3] —3.8] 4.0
4 1121 “ 5.9} 6.6{ 0.4/ 51| 7.3 —3.4} 3.91 4.1} —1.5| 2.6] 9.0 —5.2{ 3.8} 9.0/—3.0/ 60}
5.6] « 5.21 7.3] —3.5) 3.8] 3.9] —1.6} 2.3
b {12.8| —6.3] 6.6] 5.7| —0.5} 5.2} 7.6| —3.6| 4.0} 3.9 —1.7] 2.2] 8.0 —5.3{ 29|75 ¥ |45}
4,21 —1.8] 2.4} 7.7 —5.4{ 23|71 41 5
6 J13.8 “ 7.5{ 8.2 —0.7} 7.5] 9.2} ~—3.8]| 5.4} 4.5| —1.9} 2.6} 7.5| —5.5] 2.0] 6.5 « 3.5 ¥
8.2} —b.61 2.6] 6.5 « 35§
7 [15.0} —6.4] 8.6] 9.2] —0.8] 8.4411.8; ~4.0| 7.8 5.3| —2.0| 3.3} 8.7! ~5.7| 3.0] 6.6]. « 35 F
16.0] « 9.6 7.27 % | 42§
8 16.1 —6.561{10.21 9.9] —1.0| 8.9J13.5! —4.2| 9.3} 8.0] —2.1] 5.9]11.2] —5.8! 5.4} 8.8} 5.6 §
186. “ 9.9
9 [16.0] —~6.6] 9.4/11.2] —1.1}10.1{16.0} —4.4111.6]12.1| —2.2} 9.9{16.4] ¢ 10.6{12.8 * 9.8 §
11.6} —1.2110.3{16.2| —4.5 |11.7 s
10 115.5| —6.7} 8.8111.5} —1.3110.2]16.2| —4.7111.5{13.7| —2.4{11.3{16.9 L 11,1149 - 111.9
11.5| * 110.2{15.5| —4.9/10.6]14.0} —2.5{11.5}17.2] « 114 B
1 15.6] —6.81 8.2111.5| —1.4110.1{14.0} —5.2] 8.8]14.0] —2.1NLOAT.7| « 11.9116.61 4. 113.5
--- 10.5 « 9.1 14.0] —2.7/11.3{17.8] ¢ 12.0 : g
Noon | 8.7 —0.7! 8.0} 9.5] —1.5| 8.0§12.0| —5.5 6.5{18.9| —2.8111.1{16.0] —5.9] 10.1 %g.g w3} itg .
- X “ i
1 7.7 —0.51 7.2} 8.7| —1.6{ 7.1]10.3 ? 1---112.6] —29] 9.7{16.3] « 10.4 1;.5 “ lg.z g
17.4 14.
i 2 158 —0.3]558| 7.7 —1.7] 6.0] 8.7 “ f..-1 9.4 —3.11 6.3116.3] —B.81 10.5{16.9] *-.]18.9
5.6 5.3 g
3 5.6] —0.1] 5.5} 6.6 —1.9} 4.7} 6.2] « ---] 6.6} —3.2| 3.4{16.6] —5.6{ 11.0]11.0, « | B0}
5.6 “ 5.5 :
4 |58 0.0} 6.6} 6.3] —2.0] 4.3} 3.7 0.0 3.7] 6.5 —3.41 3.112.8! —5.3] 7.5] 7.7, ¢« | 47§
3.4] & 3.4] 49| ~ 1.5 . ) g
5 6.0F 6.0] 6.6 —2.1{ 4.6} 3.5| —0.1| 3.4} 5.1} —8.5 1.6{11.5| —5.1] . 6.4}5.0] & 2.0}
7.8 « 5.2 - 49! —3.6] 1.3 i
6 6.8 « 6.81 7.8} —2.2{ 6.64 3.9| —0.3| 3.6] 5.2| —3.7| 1.5{10.2] —4.9| 5.3] 2.9} = |—01f
35| —4.81—1.3§ 2.8 ¢ —0. %
7 7.6] ¢« 7.6] 9.3 —2.3| 7.0 4.6 —0.4] 4.2} 6.9| —3.9| 3.0 g‘g it T 1-09]3.2] % | 0.2F
] . “ 0.5 ) 2
8 | 7.7 7.7110.9] —2.4] 8.5} 6.9 —0.5| 6.4] 8.8{ —4.1| 4.5} 8.2} 4.6 1.6]5.2] % |22
9 8.3 « 8.3{11.4 —2.5| 8.9} 9.9 —~0.6] 9.3112.3] —4.2| 8.1{1L.8 ...4_4 721 7.2 % |42
12.01 © 9.61 !
10 9.1 “ 9.1112.2}- —~2.6| 9:6{11.2| —~0.8{10.4]13.9! ~-4.8] 9.6{13.6} —4.2]| B410.5] % | 1.5 7
9.2 * 8.2112.0] « 9.4 14.4{ “ (101 g g
1n 9.2 % 1.9.2112.0) —2.7| 9.3{11.9| —0.9/11.0{14.8| —4.4110.4]14.4} —4.0] 10.8 rl&? ® 109
8.7 ¢ 8.7 12.3 “ - 111.4115.3F ¢ 110.8] - ; 3
Illdn‘l{ 8.4 ¢ 8.4111.6| —2.8} 8.7]11.4]| —1.010.4{15.2| —4.5 {10.7]15.5| —3.7] 11.8{15.2| % 1%, g
Fath. Feet. Inch,
March 24. Sounding atnoon 6 2 6
&« 25. 149 “ 6 3 6
‘ [ 26. 4 14 7 0 0
: “ 27, No sounding. = R V
“ 28, Soundingatmoon 7. 4 -4 . Correction by sounding —6.6, by eurve —5.2, mean —5.9
« 99 « @ Y 6 . ) ; . S
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RECORD AND REDUCTION OF THE TIDES.

Serizs I1.—TipAL OBSERVATIONS FROM J ANUARY 28 10 Aprm T, 1854,

Hourly observations on the pulley-gauge.
of the scale.

Adopted reading of mean level 7.0, expressed in onits
Increasing numbers indicate rise of water.

March, 1854.

April, 1854.

; ] ! | | ]
Mean |30th.| Red. | Ref. 3154 Red. |Ref.|dth.| Red. |Ref.|sth.| Red. Ref |6th.| Red. |Bef.|7th.| Red. |Ref.
solar i to |obs. to | obs. to | obs. to |obs. to |obs. to |oba.
hour. ! level. | } level. { level. level. level. ) level.
15.3. —3.0'12.3 | i 8.3 —8.01 5.3} 7.5| ~1.7! 5.8} 7.0{ —1.57 5.5
1 5.3, ¢« (12.313.8) —3.0,10.8}--- 9.6 « 6.6} 7.8] « 61175 « 6.0
15.4. « 1241145 ¢ 111.5
2 (155 « 12.5014.5| “ 1L.5(--- 10.5{ —2.9 7.6| 8.4; —1.6{ 6.8] 7.5 « 6.0
1530 ¢« 12.3[13.21 “  110.2
3 146 <« 116 12.0' “ % 9.0{--- 11.2} —2.81 8.4} 9.6] « | 8.0 7.5] = 8.0
4 113.6; <« 10.6] 9.7 “ 16 T--- 11.8 & 9.0 {10.0 «“ 8.4] 8.0 6.5
5 (1.8, « | 88170 « 4.0{--- 12.21 —2.7] 9.5{10.4} « 8.81 8.6] 7.1
; | 12.4] « | 9.7/10.4] « | 8.8
6 9.4, «“ | 6.4} 5.6 “ 2.6)--- 12.4 ¢ 9.7]10.4 “« 8.8]1 9.8 o 8.3
; i 9.9 8.4
7T 169 « | 39]50 « 2.0}--- 11.21 —2.6! 8.6{10.4| « 8.8 10.0| « 8.5
: i 4.70 « 119 | 10.4] « 8.8110.0 8.5
8 163 « f 3.3 4.5? “ 1 LB)--- 9.2} —2.5! 6.7]10.4) « 8.8110.0] ¢ 8.5
| ! 5.0 “ 2.0 | 10.2 & 8.6 110.0 “ 8.5
9 7.2, « 1 4.2] 6.0 é 3.0}--.- 8.1 L 5.610.0 “ 8.4 110.0 g 8.5
: i i 10.0] « 8.5
10 {101, « [ 71180 ¢ |50].-- 7.4 —2.4! 5.0] 9.1| « 75195 ¢ 8.0
’ i i 7.4 s 5.0
11 12,9 « 991101 « 7.31]--- 7.4] % 5085 « 6.91 8.8/ © 7.3
5.2, « 12.2 741 « 150
Noon %6?’ t ‘gi 11.9 “ 8.9} 9.0/ —4.0} 5.01 8.0 -—2.3i 5.71 8.01 —1.5] 6.5] 8.5| —1.5! 7.0
6.1, « 13.
1 (1530 < 112301147 4 QLT[ 9.7 “ | 57| 861 « ‘ 6.3/ 75/ « |60|7.0 « |55
: 16.0f « {13.0 ! 7.0 « 5.5
2 |13.3. « 110.3{15.8| « 112.8[11.0) —3.9| 7.1} 8.9! —2.21 6.7] 7.5} « 8.0} 7.0y 5.5
; | 16.0; « 13.0 7.5 ¢ 6.0} 7.0/ ¢ 5.5
3 {123, « | 9.3[15.2] « 12.2]11.3] « 7.4] 8.9 —2.1| 6.8} 7.5] 6.0] 7.0 « 5.5
: ; ‘ 12.3, —3.8; 8.5 7.07 « 5.5
4 |81, ¢« 151047 “ 11.7J13.1] « 9.3] 8.9 « 6.8] 7.5 « 6.0} 7.0] « 5.5
1 ! t 12.9) —3.71 9.2
5 | 7.00 « | 406[12.9] “ | 9.9[11.7| « 8.0} 8.6| —2.0, 6.6] 7.9, « 641 7.5] « 6.0
! i 8.9] « 16.9
6 by f 2.5[10.8] « 7.8] 9.9 —3.6| 6.3] 8.9 « 6.9] 8.0 « 6.5] 81 « 6.6
3 i 8.7 —1.9; 6.8
7 4.4 <« 140115 “ 8.5| 9.0 « 5.41 8.7 # 6.81 8.0 ¢ 6.5 8.7 “ 7.2
4.3 « 13
8 |43, « | 13]|84! 29 55|80 —3.5 45]81] « 6.2} 8.0 « 6.5 9.0 « 7.5
44« 1470 « |41
9 (68 « |3.8]61 —28 3.3{82 34 4880 —1.8] 6.2] 821 « 6.7 9.0f « 7.5
1 | T.6) ¢ |48/ 7.8 ¢ |44 9.0/ « 175
10 (103 ¢« | 7.3( 8.8 —2.71 6.1| 7.5{ —3.3| 4.2] 7.5] « 571 7.8| ¢« 6.3] 9.0 « 7.5
! i i 7.5] ¢ 4.21 7.5 ¢« 5.7 9.0( « 7.5
11 f12.2  « ¢ 9.2011.4, —2.6, 8.8] 7.5] —3.2| 4.3| 7.5] « 5.7 7.3] 5.81 9.0 ¢« 7.5
12.2 “ o 19.61 7. “ 4.5| 7.5 “ 571 7.0 “ 5.5
Midn’tj13.1 “ 10.113.01 —2.5:10.5) 8.3] —3.1| 5.2} 7.5 —1.7! 5.8} 7.0 ¢ 5.5} 9.6 « 1.5
‘ 124« 9.9
Fath. Feet. Inch.
March 30, Sounding at noon 7 4 6 Correction by curves preferred.
“  31. Nosounding,
April 1-3. « ¢
€ 4. Sounding at noon 6 3 0
: 5. ‘f 6 2 0 Corrections derived from curves, readings (heights) not
6. “ 6 2 6 reliable, see preceding note of April 14,
“ 7. “ 6 2 6




BECORD ANDP REDUCTION OF THR TIDRS. - Py

Bexyes TH .. Fman OnsssvaTions FaoM Aven, 20 vo dmaw 3, 1854,

Hourly cbservations on the polley-gauge. A&amresdingofmhml’w expmmimaﬁh
of the seale. Incressing nombers indicate rise of water. ‘

April, 1854.
Mean j20th.) Bed. |Ref. {21st.| Red: |Ref.1224.| Red. |Ref |284.] Red. |Ref kﬂh. Red. |Ref. m Bed. | RBof
zoler to |obs. to |obs. to  |oha. to |obs. to |oba. to obe.
hour. lovel. level. Jevel. level. Tevel. levei. |
6.7| —2.2| 4.5 7.8 —3.5| 4.3 : :
1 9.3 % 15.1)%b w 4.0110.0{ —4.2; 5.8] 9.4 —4.0{ 5.4111.1| —3.5| 7.6
7.5 #« 4.0 -
§ 2 7.9| ~2.81 5.6] 7.7| —3.6] 4.1] 9.9} « 8.7 7.5 3.5]88] « 5.3
8.5 « 4.3 ;
3 9.0 —~2.4| 6.8} 7.9| = 4.3} 8.3 « 4.1] 6.7] « 291 7.6 ¢ 4.0
o 8.5 « 4.31 65| ¢ 2.5
J 4 - 10.2] & 7.8] 8.9 —3.7] 5.2] 8.7} « 45{ 6.5} —3.9} 26| 6.4] —3.4 3.0
'E) 6.7] « 2.8} 5.8] 2.4
5 @ 11.4| —2.5] 8.9} 9.7 « 6.0]10.2] « 6.0] 7.1 = 3.2} 5.0] *# 1.6
5 6.0 ¢ | 2.6
6 12.1 “ 9.6112.2] —3.8} 8.4{11.8] « 7.6} 8.8} % 491 7.0, % 3.6 i
7 125 —2.6) 9.9]13.3; & 9.5118.2] « 9.0110.5] « 6.61'8.5| « 5.1
12.6] <« 10.0{18.7| « 9.9{14.0) « 9.8
8 12,5 «2.7] 9.814.3) —3.9/10.4/14.9] «  110.7/12.9] & 8.0§10.9! —3.3, 7.6
14.0{ <« {10,114.9] <« 110.7{15.0! « }11.1
9 [11.3| —1.0{10.3[11.0| —2.8] 8,2,13.7| 9.8[13.0] « 8.8/15.0f « 111.1}]13.4] © |10.1

10 | 83| <11]|v2{9.9] « {71123 « |s4{wa] ¢ |.-.li49] « hroliss| « [12.2
. 15.3] « (12,0
11 | 6.7] —1.2] 5.5} 8.5] —2.9] 5.6{11.3| « | v4l0.7l « |.._Ji46} «. hHovh4al « |10.8
64| « |52 ]
Noon| 6.4 —1.3] 6.1] 7.9] —3.0) 4.9110.7) —4.0] 6.7{11.5] 4.3 7.2}12.9] —3.8] 9.1112.5| —3.2! 9.3
6.4, « |51]741 « |44 :
J 1 {67 % |54 3.0 “ l40l87] « |47/95] « 520106 « |68103] % | 7.1
. 0]« | 4.0
§ 2 [71] —14{87]| 70| —31|39{83] « |43/88] « {aolso|l « |s2l83 =« |51 -
7.4 « 143180 « |40

3 |79 « |e5]80] « j49]80 = |40]7.2 —a2i350]74] « |38]69] « |87
8.0/ « |40]|66] « |24 :
4 190 —15{ 75|88 —8.2|5.6{80 « |40l61| « |19]61|-—37|24{52] « |20}
83| « 143]60] « 11854 « |[17]50] « | 1.8]
5 {95 « 180]85f « |53]90] ~41]49]65] —41]24]567 = {20]|50] * |1.8%

9.7 « |82 50/, « | 1894 *
6 19.7] —1.6| 8.1 9.2| —3.3} 5.9{10.8] « |g7| 75| « |84]81] « 44|52 « | 204
9.7 « |81§101] « 6.8 ; 3
7 195 « 1w7ohos| « ;.2 115 =« | 7.4]93] « {58]99] « |53l75 4 | 437
105 « .2 1 p
8 |88| 1.7 7.1{10.5{ « ;.2 12.5| « {gafio.s]l « |e7lh0.4] 36! 68] 07| -281] 6.6
10.6] ¢ .2 1
9 |7.9|~—~18] 61105 —8.4| 7.1{13.0] = |goliz.e! « |7T9lia5! « |g.9] .. .
100/ « |6.6013.9] « |ogghasl « /87135 « |99 ;
10 | Y7.0| ~1.9!81}91 « |5738.9] ¢ |gglite| —do0l9shids] « |o9.9] ..
: 13.0| —4.2| 8.8[13.6] « 6125 « | 8.9 é
11 | 6.9 —~2.0] 49| 8.4} « |50 ol12.0| « | 8.4|--- S

9
12.0] ¢ 7.8{18.0! « 1|4
Kidn’ﬂi 6.9 —2.1} 4.8{ 7.9| —8.5| 44]11.3} « 7.119.0 « 5

1 April 20. No sounding.

4
=4
n
&
)

The corrections were deduced fromi the curves.

S
3 o
3 6
4 5
0 6

.
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28 RECORD AND REDUCTION OF THE TIDES.
Ser1es I11.—TipAL OBSERVATIONS FROM A PRIL 20 TOo AvguUsT 3, 1854,
Hourly observations on the pulley-gange. Adopted reading of mean level 7.0, expressed in units
of the scale. Increasing numbers indicate rise of water.
April, 1854. May, 1854.
] ‘ : ! !
Mean 126th.| Red. | Ref. 27th.; Red. | Ref. 28th. Red. |Ref. [20th.| Red. |Ref.|30th.| Red. | Ref.|lst.| Red. |Ref.
" solar to | obs. i to obs. ! to |obs. to |obs. to | obs. 0bs.
hour. level. ; level. ] level. level. level. level.
1440 ¢« [11.4 { 16.4) —3.4'13.0116.4! —3.6 12.8/16.2] « [12.3
1 [10.1} —3.0| 7.1/14.5| —8.0111.5] 9.2' —3.0| 6.2]16.0] « [12.6]15.3] « [1L7|16.5] <« |12.6
14110 ¢« Q111 i 16.5| « [12.6
2 191 « 161128 « |[9.8]78 « |4.8[149| « 3150128 <« | 9.2[15.9| —4.0/11.9
3 171 « | 41p05] ¢ |75)%7.00 ¢ 40131 « | 97103 « | 67l147] s« 107
6.3] « |83 |
4 {56/ « |26]83 « |53 e.o;{ “ -1 3.00L7] ¢ | 83|76 % | 40013.4] « |94
58/ « 128 ! 5.3, « 123
5 163 « |33l6s « [38(50 « |20[08 « |e4/62 « |26h22] « |82
| 510 « |21 55 ¢« | 1.9
6 | 7.3 ¢ 143147 « |L7P57, o« 1270807 « |46]62 ¢ |26/100] « |60
‘ 4.0l « J10] |
7 |85 ¢ 5.5/ 4.0, « |1.0f6.6 —3.1]3.5]59] « |25|/77 « i41][89 « |49
! 59, « |29 i 5.5] « |21 :
8 {984 ¢« 16487 « |57{75 « {44l62] « |28]91] « ls5]82 « |42
z; { ! | | Tlsal « |40
9 [10.6) « [76fl09] « |7.9]88) « |57]83] « |49f101] « |65]7.9] « |39
| ! 1 8.4 & 4.4
10 |14 « |84 12.7:\ “ JResy o« 72109 « | TBHNLZ ¢ | 7.6] 97 « |5
| E
11 {1390 « 1109144 « |11.4|11.7] « |86/13.5] « [10.1]13.0] « |9.4l11.9] « |79
1440 « 11.4045] « 115 146 « 1112
Noon15.0; “ 12.0151, « [121(13.7/ —3.2/10.5;15.5| —3.5/12.0[14.7| —3.7 |11.0{13.1| —4.1 | 9.0
14.0} “11,0115.2. « n2.20145] ¢ 11.3 145 « |11.0{15.0] + {11.3[13.5] « | 9.4
1 181 ¢ 1013500 « [2.014.8) « 1160132 « 970144 « [10.713.0| « |89
; I 144 « 112
2 (107, o« 77124 ¢« | 940143] ¢ 111109 « |74012.6] « |so9fin3| « |72
3 s.7f « 573030 « | 730124 « |9.2]96 « |s1f10.2] « |esf02—a2]60
f ! ! : ]
4 [637 « 311731 « |43[92] « |60[71] « |36}80 « |43l9sl « |56
6.2 « |32 | 6.3 « |26
5 41 « j11)52) « 122160 « |28)53b-35]1.8/55/ —3.8] 1791 « |49
A\ 5.9, « |29 ! 50/ « | 15|65 « |17]86 « |44
6 |32 « loz2|l7n7 « 47|55 « |23[581] « |1.6|62 « {2480 « |38
3.1 o« |01 53] ¢« |21 8.0/ « |3.8
Tol46] ¢ 1 1.6196] « 66|53 33 20|71 « |3.6}76] « |3.8]8.0 —43]37
; 6.1f « |28 8.4 « |41
.20« | 4.2(108 « |7.8] 78] « ! 45/86] « |51l85 « l47]88 « |45
9 {107y o« | wrl12.3) ¢ | 9.3(10.2 « | 6.9[104] « |69{95 « | s57l0.2] % |59
|
10 1230 « | 93/14.00 ¢ 11l0f12.8{ « |95/134 « |ogfls| « |[7.5M11.3] « |70
11 {42 ¢ 1120157 ¢ |---[148] « [11.5[15.3] « [11.8[13.9] —3.9 10.0h2.7| « | 8.4
E : | 62| « hay
Midn'tl14.3 ¢ (113 16.7% “ |.--N15.5| —3.3 ‘;12.2 16.41 « [12.9{15.4] <« [11.5]14.1| —4.4] 9.7
Fath. Feet. Inch.
April 26. Sounding at noon 7 3 0 Corrections deduced from the curves.
& 27' 3 11 7 3 2 143 4 [ «
% 28.30. No sounding.
May 1. Soundingatnoon 7 4 0




RECORD ANB REDUCTION OF THE TIDES. 29

Benies THL -Tr0AT, OBSERVATIONS FROM APRIL 20 vo- Aveusr 8, 1854

‘Hourly observations on the pnlley-ga:age Adopted reading of mean level 7.0, expressed in- nits |
of the seale. Increasing musibers indicate rise-of water.

May, 1854.
Mean | 24 | Red. |Ref. ] 84. | Red. [Ref. | 4th.| Red. |Bef | 7th.| Red. |Ref.|8th. | Red. |Ref.]9ik. | Red.
golar to |obs. to  |obs. to |obs. to |{obs. to - |obs. to
hour. level. level. level. lovel. level. lovel.
: 10.2| —4.2| 6.0]10.6| —a.8 | 5.7
1 ]15.1] —4.4110.718.2] « | 8.5[13.6]—5.2| 8.4[10.2] ¢ 6.0J10.0] = |5.2110.7] 53
‘110.5 “ 6.3]1L.5 “ 1 6701007
2 {1871 «  {12.3{14.0] « 9.3114.0{ —5.3 | 8.7j10.8] ¢ 6.6(11.5| —4.9 | 6.6[10.0| —b.6
16.8] « |12.4 . 1051 «
3 he.5) ¥ 112.1114.2] ¢ 9.5114.8] —b.4 | 9.4[11.3] « 7.1{11.8 “@ 8.9111.31 «
14.3 “ 9.6 :
4 42| —4.5] 9.7]14.3] « 9.6{16.1| ~5.6 [10.5{11.8] =« 7.6]12.4] « 7.5[12.6| —B5.7| 6.9
14.2] & 9.5 ‘
5 1125 « 8.0J14.1] « 9.4{16.21 —5.8 [10.4{12.4; & 8.2]13.0| « 8.1j14.3( S.G?i
6 [1.0] =« 6.5(13.1] « 8.4]16.2] —6.0 110.2113.2| —4.3 | 8.9{14.1] —5.0} 9.1[15.6} 9.9
15.7{ —6.1| 9.6 j
T 184 ¢ 3.9012.07 « 7.3]15.3|—6.3] 9.0]13.2} « 8.9116.2f « [11.2{16.4| —5.8 |10.6
. 169 « |11.1}
8 6.7 2.2110.9| « 6.2 13.07 ¢« 8.7/16.0] ¢ 111.0{17.2{ 5.9 |11.3
6.4 ¢ 1.9110.2 « 5.5 16.5 « 111.5117.2 @ 11.3 ¢
9 6.4| —4.6]| 1.8]10.0 “ 5.3 12.2 * %7.9416.5| —5.1 {11.4117.2| —6.0 {11.2
10.3 @ 5.6 16.3 « - [11.2]16.6 “ 10.6
10 7.4 « 2.8110.5 ¢ 5.8 11.0 s 8. 7116.0; « [10.9]16.0| 6.3 | 8.9
10.8 « 6.1 4
11 |95 « |49fi10] « |63 10.2| « 59151 « |10.0]14.9|—8.2] 8.7}
Noon |11.3] —4.7| 6.6]11.4 4.7 6.7 9.0| —4.4 | 4.6]14.1| —5.2| 8.9{13.8| —63 | 7.5
1 j13.1 L 8.4112.8 “ 8.1 8.1 “ 3.7j13.0; ¢ 7.81 ¢ “ -
13.4 “ 8.71 . 8.0 & 3.6
2 49| « [10.2713.8| « |9.1] § 8.01 « |3.6l10.6] « |B57]11.2] « | 49
15.0 ¢ (10.3]13.8 “ 193] B 8.0 “ 3.6
3 hdb] « 9.8113.8| « 9.1 E 8.4 # 14.0]9.0;—53]3.7/10.0 —6.2, 3.8
13.8] « 9.1 8.4 « 3.11 9.3 =« 8.1
4 113.6] « 8.9113.8] « 9.1 & 9.0{ —4.5 | 4.5] 8.0 « 2.7} 8.0f « 1.8
13.1 & 8.4] 8 8.7 34180 ¢« 1.8
5 he.el « 179h12.7] « 8.0 '§ 9.8 « |853]9.0—54]36}89 <« |27
6 f1o1] « |safz1| a8 v3l™ 103 « |58f102]. ¢ |48p1.2| 61 51
7 95| « | 48l11.8] 7.0 11.0} —4.6 | 6.4[11.6] = 1 6.2]3.0; % | 6.9
8 ]9.0] « 4.3111.6| —4.9] 6.7 11.87 ¢ 1 6.712.3] = 8.9114.2| = 8.1
9.0 “ 4.3111.6] = 6.7 :
9 9.0 « 431114 © 6.5 12.0] & 7.4112.9 " T5[6.51 ¥ 9.4
9.1] « 4.4{11.6] =« 6.7 12.5] ¢ 7.9[18.8] =« 7.9 ‘
10 9.5 « 481120 —5.0] 1.0 12.5 | —4.7 | 7.8{13.5 “® 811461 ¢ 8.5
12.5] 7.8]13.5] « | 8.1 ) ’
11 {101 “ 5.4 1127 « 7.7 12.0 “ 7.3113.3 x 7.8114.0] 7.9 3
Midnt{11.1|  “ | 6.4{13.3| —5.1| 8.2 ~ 110.6 | —4.8 | 5.7{12.7 | —5.51 7.2{13.5| —6.0 7?.»’5‘?{ ]
¥ath. Feet. Inch.
May 2. Sounding at necon 7 1 0 Correction derived from sounding and curves.
£ 3. [13 & 7 2 0 113 13 £ 45 4%
143 4' ® <% 7 1 0 .
“ 5. “ “« g 5 0 - From this day there is but one reading at-eash half hour.
% 6. No sounding. A
¢ 7. Sounding at noon 6 3 0
143 8' £ 3 7 2 0 .
“ 9, & “ 7 1 6  Correction from sounding and curves. 4




30 RECORD AND REDUCTION OF THE TIDES.

Serigs II1.-—TipAL OBSERVATIONS FROM APRIL 20 To AvausT 3, 1854.

Hourly observations on the pulley-gange. Adopted reading of mean level 7.0, expressed in units §
of the scale. Increasing numbers indicate rise of water.

Maeay, 1854.

Mean 'l(lth. Red. | Ref.[11th.| Red. | Ref.|12th.! Red. | Ref. {13th.| Red. | Ref. [14th.] Red. | Ref. J15th.| Red. | Ref.
solar to obs. to obs. to obs. to obs. to obs. to obg.
hour. level. level. level. level. level. level.
17.0] « [10.8 20.6 | —6.7 13 9 |
1 N2.5{~6.0] 6.5]16.5] —6.3 {10.2{17.4{ —6.3 111.1{17.3 | —6.5 [10.8]18.3 | —6.7 11.6]20.6 ¢« 113.9
19.7 ¢ 13.0
2 9.8 “ 3.8113.7 « 7.4116.0 ¢ 9.7116.1 e« 9.616.2] « 9.5118.8 « 1121
3 9.5 “ 3.5J1L.5;, « 5.2 [13.7 “ 7.4]15.3 “ 8.8]12.3 « 5.6|17.6 “«110.9
4 8.3 “ 2.3] 9.6 “ 3.3110.8 €« 4.5 ]14.0 « 7.51 9.9 “ 3.2118.5 ¢« 9.8
8.2 « 2,21 8.2] « 1.9
5 8.0 “ 2.0 83 « 2.0} 8.4 « 2.1}--- EETE ER ---1154] « 8.7
8.0 “ 2.0 7.3 “ 1.0 ]
6 8.0 & 2.01 9.5 & 3.2] 7.3 ¢ 1.0}--- R L ---110.4 s 8.7 |
851 —~6.1] 2.4 9.2 “ 2.9
7 9.2 € 3.1111.8 &« 5.5110.4 # 4.1}--- R B ---1.9.0] « 2.3
8.4 “ 1.7
8 1.7 « 5.6[15.4 “ 9.112.3 “ 6.0~~~ RN ER ---] 9.0 ¢ 2.3
9 12.5 « 6.4115.0 & 8.7114.2 ¢ 7.9116.5! —6.6 | 9.9]12.3 “ 5.6110.4  « 3.7
|
10 1144 “ 8,3116.0 “ 9.7115.4 “ 9.1118.4 ¢ 111.8113.5 “ 6.8{12.6 « 5.9
15.01 ¢« | 8.9116.8] « 110.5 19.0 “«  112.4 |
11 |15.0 ¢ 8.9 [16.8 “ 110.5]16.0 & 9.7119.0 “ o 112.4(15.2 &« 8.5[14.5 « 7.8
14.2 “ 8.1{16.8 “110.5]16.5 ¢ 110.2118.4 ¢« 111.8117.8 ¢ 111 !
Noon {13.4! —6.2 | 7.2]16.0] —6.3 | 9.7{17.2! —6.2 111.0{18.0| —6.7 [11.3]18.0 #  111.3116.6. & 9.9
16.9 “110.7 17.41 «  10.7 ;
1 113.3 “ 6.1114.6 o 8.3116.4 “  110.0]16.41 ¢ 9.7116.6 L4 9.9 {18.9 “ 1122
19.0. ¢ 12.3
2 103 « 4.1{13.00 « 6.7113.47 « 7.2 144, « 7.7 (147 “« 8.0119.0° « (12,3
9.7, « 3.5 ! | 18.1: « 11.4
3 84 ¢ 2.2112.1 [ 5.81 9.0 “ 2.8112.0 @ 5.3{12.5 “ 5.8{17.3 “ 10.6
8.4 « 2.2 8.3 “ 2.1
4 8.4 « 2.21 9. “ 3.41 7.2 —6.31 0.9] 9.8 « 3.1(10.6 “ 3.9{15.5, « 8.8
9.2: « 3.0} 8.6 “ 2.3 8.9 “ 2.2
5 [10.3] « 4.1] 7.6 “ 1.31 7.2 “ 0.9} 8.0 “ 1.31 9.0 & 231123, « 5.6
. ] 9.21 2.9] 8.1 1.8] 8.0 ¢ 1.3}1 8.2 « 1.5
6 J11.0 <« | 4.8/10.3 & 4.0) 9.5 ¢ 3.2} 9.3 “ 2.6] 7.5 #« 0.8{10.3, « 3.6
! . 7.5 “ 0.8} -
7 12.7i & 6.5112.4 “ 6.1110.% & 4.4111.1 « 4.4] 8.0] « 1.3]1 7.9 - 1.2
| 7.5 “« 0.8
8 14.55 o 8.3115.0 “ 8.7113.7| —6.4 | 7.3]12.9 € 6.2110.2| « 3.5 7.2 « 0.5
7.2, « 0.5
9 15.4': “ 9.2117.4 « 1111155 “ 8.1114.5 ¢« 7.8{11.81 « 511 9.3, « 2.6
10 16.23)' “ 110.0419.5{ « 13.2118.2 “  111.8{17.41 ¢ 110.7(14.7 «“ 8.0112.1: —6.8| 5.3
| L fzoo) o« 1z !
11 {171 ¢ 10.9|20.01 «  (13.7]19.5 ¢ 113.1120.3 « 113.6018.2] « [11.5016.5 —6.9] 9.6
17,8  «  11.6{19.6 “113.3 20.1 “  118.4
Midn’t 18.0; “ ‘%11.8 18.8 “ 112.5119.5 “113.1120.1 €« 113.4)20.2 “  13.5119.0 —7.0112.0
i ‘ | !

May 10 and 11. No sounding.
“ 12. Bounding at noon 8 fathoms (last sounding recorded). Correction by sounding and curves.
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Sxrres ITL<Toaxr OnsEnvaiTions rroM ArmiL 20 70 Avausi 8, 1854,

| Hourly observations on the pulley-gauge. - Adopted reading of mean level 7.0, expressed in units
of the scale. * Incressing numbers indicate rise-of water:

May, 1854.

Mesn | 16th.| Ref. | 17th.| Ref. | 18th.| Ref. | 19th.| Ref. | 20¢h.| Ref. | 21ut. | Ref. | 22d. | Ref. | 23d. | Bef. | 24th.! Ref.

solar obs. obs. obs. . obs. obs. obs. obs. obs. obs.
hour. i
19.6 [12.4 12.0} 5.2 10.3 | 3.4 i
1 119.6112.4 {18.0/10.8 }17.6!10.4 {114.0| 6.9 | 12.3| 5.5 {12.0! 5.2.]110.3| 3.4 {13.0| 5.8 {16:2| 7.5
19.0 111.8 11.6| 4.8 j10.3 ! 3.4
2 {18.5111.3 119.4 111.2 {190.011.8 {15.0{ 7.9 }13.2]| 6.4 |11.2] 4.4 |10.3| 3.4 {12.2; 4.8 |15.1} 8.3 .
20.0 12.8 {19.7 112.5 11.2} 4.4 |10.3! 3.4 |11.3| 3.8
3 l17.0} 9.8 |20.0{12.8 {19.7/12.5 {16.4]| 9.3 |14.1| 7.3 }12.6} 5.7 |10.8 | 3.9 {11.0| 3.5 114.2| 5.4
18.9 11.7 {19.7 |12.5 : 11.5] 4.0 13.8; 4.9
4 }16.0| 8.8 118.0{10.8 {19.7/12.5 [17.7110.6 }15.2] 8.5 |14.2] 7.4 |11.5| 4.6 |12.0 4.4 |13.0] 4.1
19.7 [32.5 ]18.8]11.7 13.0} 4.0
5 {14.4] 7.2 [16.2] 9.0 }119.712.5 |18.8111.7 |{15.5 ] 8.8 {15.6| 8.8 |13.8| 5.9 }13.7} 6.1 ]13.0] 4.0
18.6 11.4 [18.8 {11.7 13.5] 4.5
6 [12.5| 5.3 114.3] 7.1 }]17.8 110.6 | 18.8{11.7 {15.5| 8.8 }16.8 {10.0 }15.2 8.2 {15.2] 7.5 |14.2| 5.1
r 18.011.0 {16.5] 9.8 | 17.4|10.6 |16.5| 9.5
7 f10.0 2.8 J12.6 5.4 |15.8] 8.6 {17.4{10.4 |16.5} 9.8 }17.9111.1 }17.6 10.6 }17.2} 9.5 |16.6] 7.5
9.5, 2.3 16.5] 9.8 {17.9111.1 j17.6 10.6 |18.2 {10.4 |17.8] 8.6
# 8 9.0 1.8 |11.3] 4.1 |14.3| 7.1 ]16.0} 9.0 }J16.5]| 9.8 {17.9(11.1 |17.6 10.6 }]19.111.3 |18.6f 9.4
9.71 2.5 110.2]| 3.0 156.81 9.1 {17.610.8 ]17.6 10.6 §19.1{11.2 }18.1| 9.9
| 9 [10.0] 2.8 19.0 1.8 {13.0| 5.8 {14.4| 7.4 }14.9| 8.2 | 17.010.2 {17.0 10.6 } 18.7{10.8 {17.8} 8.5
0.2 3.0
10 }10.9) 3.7 ]11.1} 3.9 |10.0!| 2.8 |12.4| 5.4 |13.6! 6.9 |15.7| 8.9 {16.5: 9.5 J17.5| 9.5 |16.7}{ T4
9.0 1.8
11 {12.4] 5.2 |13.4] 6.2 ] 9.0} 1.8 |11.7) 4.7 |12.8] 6.1 |14.6] 7.8 {15.1| 8.1 |16.0; 8.6 |15.1] 5.8
10.3] 3.1 |10.6 | 3.6
Noon |14.3| 7.1 {14.6] 7.4 | 11.6] 4.4 %0.(5) 3.0 1121 5.4 ]12.8! 6.0 J13.7| 6.7 {15.3] 7.3 {14.5| 5.2
Q.5 3.5
1 116.2] 9.0 |15.9] 8.7 114.0] 6.8 |10.8] 3.8 {11.5] 4.8 {11.2| 44 {12.0! 5.0 [142| 6.2 {13.8] 4.5
17.0} 9.8 10.8 | 4.0 . ]
2 l17.610.4 {17.610.4 ]15.2] 8.0 {11.8] 4.8 |11.0! 43 |10.5| 3.7 |11.0] 4.0 |13.0! 5.0 [13.1] 3.8 J
17.6 110.4 {17.8 [10.6 10.5 | 3.8 {10.5| 3.7 }10.4| 3.4 :
3 {17.6/10.4 }17.8/10.6 }16.3| 9.1 }12.8! 5.8 {10.5| 3.8 |10.5 3.7} 9.5] 2.5 {12.0{ 3.9 |12.1]| 28
: 16.7 9.5 | 16.8{ 9.6 - ]10.5{38}11.0]42] 95 2.5 {11.5{ 3.4{121] 2.8
E 4 116.3] 9.1 |16.0] 8.8 ]16.8] 9.6 {14.2} 7.2'110.8 | 4.1 |11.7| 4.9 {11.0] 4.0 |11.5| 3.3 {11.3| 2.0
E 15.8 8.6 . 11.5} 3.3 J11.3{ 2.0 "
5 [14.4) 7.2 14,0 6.8 |15.6] 8.4 }gg 8.7 112.7] 6.0 |12.6 | 5.8 | 117! 4.7 112.4} 4.0 |12.5] 3.2
4 .8 9.5
6 |12.0| 4.8 ]12:8} 5.6 {14.0] 6.8 |17.2 10.2 |14.3} 7.6 {13.7]| 6.9 |13.1| 6.1 |14.0) 5.6 |14.2) 49
10.8 3.6 17.2 10.2 - .
7 9.5 2.3 |10.6] 3.4 |13.3] 6.1 |16.5, 9.5 |14.9| 8.2 |14.5| 7.7 {141 | 7.0 |156.6] 7.0 165} 7.3
9.5 2.3 110.0| 2.8 15.2| 8.5 ]15.0] 8.2
8 98! 2.6 ] 9.2] 2.0 112.4] 5.2 |15.7| 8.7 {15.4] 8.7 {15.4| 8.6 |16.4] 9.3 |16.6] 8.1 J18.4] 9.2
9.21 2.0 [12.01 4.9 15.41 8.7 1156.4| 8.6 }16.5] 9.3
9 |11.7) 45 |10.4] 3.2 [11.3] 4.2 |15.0; 8.1 {15.4] 8.7 |15.4| 8.6 |16.5] 9.3 118.8} 9.7 } 19.41 10:2
| 11.3] 4.2 14.61 7.9 115.2| 8.4 |16.5] 9.3 {19.410.8
10 [13.5] 6.3 112.0 4.8 |11.5] 4.4 [14.0] 7.1 ]14.2| 7.4 | 14.7| 7.9 |16.5| 9.3 {200 {1L4 | 20.1{ 10:9
11.8 | 4.7 16.5} 9.2 120.0 /114 -
| 11 |15.3] 81 |13.6] 6.4 |12.4] 5.3 [13.0) 6.1 {13.3| 6.5 {14.0} 7.2 | 16.3| 9.0 {18.2]10.6 {214/ 122 }
4 ) ) : 22.11 1209 §
Midn’t] 16.7] 9.5 |14.8] 7.6 [ 1281 5.7 {125 5.7 {12.41 5.6 {12.6 5.8 {15.0! 7.7 {180} 9.3 1221 | 124§

-

~ From about the middle of May to the end of the series the corrections change very litile from day to day,
‘and are given below :—

May-16. Correction —7.2 May 21. Corréction —6.8
« 17, “ —~7.2 “ 22 % 70
“ 18, “ .2 “« 23« 8.0
“. 19, “ —7.0 “ . “ . L83

[} 20' 1 ____6' 7
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Szr1Es IT1.—T1pAL OBSERVATIONS FROM APRIL 20 T0 Aveust 3, 1854.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units
of the scale. Increasing numbers indicate rise of water.

May, 1854. - June, 1854.
| |
Mean | 25th. | Ref. | 26th. Ref. | 27th.| Ref. | 28th.| Ref. | 20th.| Ref. | 30th.| Ref. { 31st. | Ref. | 1st. | Ref. | 2d. | Ref.
solar obs obs | obs. obs. obs. obs, obs. oba. obs.
hour. -
19.8/10.6 |17.4| 8.5 |21.212.5 |19.0 [10.7 19.0 115
1 }19.0) 9.8 {16.6| 7.7 {21.2112.5 |19.0 10.7 |18.4{10.8 |19.5 12.0 |16.4| 8.9 {18.2/10.7 |15.4| 8.0
19.6110.9 |18.6 10.4 18.6 11.1 18.410.9
2 17.0] 7.9 {14.3 5.4 |18.7!10.1 [17.3 | 9.1 |16.4| 8.8 |18.1[10.6 }17.9 |10.4 |18.5|11.0 {16.1| 8.7
18.5 [11.0 {18.5 [11.0
3 |14.5| 5.4 [12.4! 3.6 |16.0] 7.4 |15.5] 7.4 |14.3] 6.7 |17.2] 9.5 |19.0 11.5 {18.2]10.7 }17.0| 9.6
11.8; 3.0 . 19.0 115 17.2] 9.8
4 12,01 2.9 {11.5] 2.7 1147} 6.1 |12.4] 4.3 [12.1| 4.5 |16.1] 8.6 118.2110.7 | 17.8/10.3 |17.2| 9.8
11.0] 2.0 |11.5 ] 2.7 17.2| 9.8
5 |11.0] 2.0 J11.5¢1 2.7 {12.5] 3.9 |10.8] 2.8 [10.0] 2.5 }14.3| 6.8 |17.2] 9.7 |16.2] 8.7 |17.0] 9.7
11.0| 2.0 |11.5| 2.7 |11.2} 2.6 |10.0{ 2.0 | 9.0] 1.5
6 |11.5] 2.5 [11.5; 2.7 [11.01 2.4} 9.5 1.6 | 9.0} 1.5 {12.4] 49 |14.9 | 7.4 |14.3| 6.8 |15.6| 8.3
11.81 3.0 |11.0/ 2.4 | 9.5 1.6 | 9.0] 1.5
7 13.5] 4.5 [12.5] 3.7 |12.4 3.8 | 9.5| 1.6} 9.0| 1.5 |10.2] 2.7 112.9| 5.4 |13.4]| 5.9 {14.2| 6.9
j 9.51 1.6 9.0 1.5 {100} 2.5
8 1151 6.1 [14.3] 5.5 {14.1; 5.5 |10.1] 2.3 | 9.0] 1.5 ]10.0] 2.5 |12.0}| 4.5 [12.6] 5.1 |12.8] 5.5
| 9.0 1.5 §10.0| 2.5 {11.2| 3.7 |12.0| 4.5
9 |17.4) 8.4 |15.2| 6.4 |15.2 6.7 [11.7] 3.9 | 10.2| 2.7 |10.0} 2.5 |10.0| 2.5 [11.5| 4.0 |12.0] 4.7
18.2} 9.2 | 11.3] 3.8 |10.0| 2.5 |11.5] 4.0 |11.3] 4.0
10 [19.0110.0 {16.3} 7.5 |17.3 8.8 {13.0| 5.2 }12.4| 4.9 |12.4] 4.9 {10.5 | 3.0 |11.5] 4.0 |11.0| 3.7
19.0 :10.0 18.2° 9.7 1.5 | 4.0 {11.0] 3.7
11 |18.4! 9.4 |17.2} 8.4 J18.21 9.7 [14.7] 6.9 {14.4] 6.9 | 13.8]| 6.3 |12.6 | 5.1 [12.0] 4.5 |]11.0| 3.7
| 18.01 9.5 |15.4 7.6 11.5| 4.2
Noon 16.0i 7.0 |18.4] 9.6 }17.5! 9.0 }16.5]| 8.7 |15.5| 8.0 | 14.9| 7.4 {13.7] 6.2 }13.0| 5.5 |11.8| 4.5
] 18.5] 9.7 | 15.7) 7.9 [16.0] 8.5
1 [15.0 6.0 [18.5| 9.7 |[16.6( 8.1 |15.1,; 7.3 [16.0| 8.5 [15.3| 7.8 {14.8| 7.3 [14.5| 7.0 {12.4] 5.1
| 17.71 8.9 } 15.6{ 8.1 |16.0| 8.5 |15.4] 7.9
2 |14.0! 5.0 J17.1| 8.3 [14.2 5.7 |13.5| 5.7 |15.1; 7.6 | 16.0] 8.5 {16.0| 8.5 |14.6| 7.1 |12.8| 5.5
; | 16.0 8.5 [16.0| 8.5
3 |13.2 4.2 |16.0] 7.2 {12.3 3.8 | 11.7] 3.9 |14.2| ¢.7 |16.0] 8.5 |16.0] 8.5 |15.0] 7.5 |13.5| 6.2
9.6 1.1/10.8; 3.1 < [15.2] 7.7 |16.4] 7.9 155 8.0
4 [12.0]3.0(14.8 6.0 9.0/ 0.5 20.0] 2.3 ]12.3| 4.8 {14.2] 6.7 |15.0] 7.5 |15.5| 8.0 |14.4| 7.2
11.41 2.4 9.0 0.5 |10.0; 2.3 15.5] 8.0 [15.0] 7.8
5 [11.0] 2.0 |13.6| 4.8 | 9.5 1.0 |10.0| 2.3 |11.6] 4.1 |12.8] 5.3 |13.5| 6.0 |15.5] 8.0 [15.0] 7.8
11.0| 2.0 |13.0! 4.2 i 10.0 | 2.3 11.2| 3.7 15.2| 7.7 [14.3] 7.1
6 [11.0: 2.0 {12.2] 3.4 [10.0 1.5 [11.3| 3.6 |10.2{ 2.7 |10.0| 2.5 }12.7| 5.2 |15.0] 7.6 {14.0{ 6.8
12.1 1 3.1 |12.2] 3.4 = ! 9.51 2.0 }10.0] 2.5
7 [18.3] 4.3 ]12.2] 3.4 |10.4: 1.9 {12.3, 4.6 ] 9.1 1.6 }10.0| 2.5 |11.7}| 4.2 |14.2] 6.8 {13.4] 6.2
12.6! 3.9 ; 9.11 1.6 ]10.0] 2.5 [11.5] 4.0
8 }15.7; 6.8 [13.2] 4.5 112.0} 3.6 |14.2: 6.5 | 9.1! 1.6 |11.0{ 3.5 {11.0| 3.5 |13.0| 5.6 {12.8! 5.6
- g 10.2] 2.7 11.0| 8.5
9 {17.4|8.5]153 6.6 142 5.8 150 7.3 |11.3| 3.8 |13.0] 5.5 |11.0| 3.5 |12.0| 4.6 |12.4| 5.2
! { 11.5 1 4.0 [11.4] 4.0 |12.0| 4.8
10 [19.5 10.6 |17.6] 8.9 |16.4| 8.0 |16.1| 8.4 [13.7] 6.2 |14.4] 6.9 |12.01 4.5 |11.0] 3.6 }12.0| 4.8
19.7 |10.8 | 1151 4.1 |12.0{ 4.8
11 119.7 10.8 |19.4(10.7 [18.1] 9.8 |17.4} 9.7 |16.2| 8.7 {15.1| 7.6 |14.2} 6.7 |12.2| 4.8 [12.0] 4.8
20.1(11.4 |18.7 10.4 |18.0/10.3 12.3{ 5.1
Midn't} 19.7 10.8 | 20.1 114 19.0;10.7 186%10.9 17.4] 9.9 |16.2] 8.7 | 15.8| 8.3 | 14.3] 6.9 |12.7| 5.5,
| i 1
May 25. Correction —9.0 May 30. Correction —7.5
“ 26, “« 8.8 « 31, “« 5
- 27, # —8.5 June 1. “ —7.5
& 98, 113 —7.8 13 2. “ —7.3
« 99, “ 5
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Sxrres TIT.__TivAL OBSERVATIONS FROM APRIL 20 T0 Avcusr 3, 1854, '
Hourly observations on the pulley-gauge. ~ Adopted reading of mesn level 7.0, expressed ia units ;
of the scale. Increasing numbers indicate rise of water. ;

June, 1854.
{ Moan | 30. | Bet. | ath. |Bef. | 5th. | Ref. | 6th. | Rer. | 7ih. | Ref. | 8th. | Ref. | 9th. | Ref. | 10th.| Ref. |118h.] Bet. |
4 solar obs. obs. obs. obs. obs. oba. obs. obs. obs.
4 hour. ;
18.0] 9.5
1 }14.24 7.1 {13.0) 6.3 {12.4] 6.0 J12.5] 6.1 {12.3] 5.6 }12.8] 6.5 | --~ | ~-- }16.4] 8.2 {19.0] 10.5
12,51 6.1 19.9] 114 ¢
2 |15.8] 8,7 }14.0} 7.4 ]112.8] 6.4 }]12.5; 6.1 {125} 5.8 {11.8] 44§ ---} ---114.9) 6.7 |18.0] 9.5 .
12.9] 6.5 1141 40]---1 --- , .
3 ]16.4; 9.3 ]15.2] 8.6 {13.8] 7.4/13.6] 7.2 }12.0) 5.3 }11.4, 4.0 | --- | ~--}12.1] 3.9 |15.2] 6.7
4 {16.6] 9.6 {16.0] 9.4 {15.2] 8.8 |14.2| 7.8 [11.0! 4.3 |14.5]| 7.0 | ---| ---|12.0] 3.7 |13.2] 4.6
5 {-oev oo o--1--2115.419.0]148 8.4 }15.6! 8.8 {147 74 | ---|---]1104 2.1 |10.4] 1.8~
6 je--l---f---]---115.8} 9.4 ]15.0! 8.6 |16.0] 9.2 ]15.0] 7.7 | ---] ---J10.9] 2.6 ]10.4] 1.8
7 ---fece] -1 ---116.0] 9.6 {15.6]| 9.2 |17.0] ¢ |15.6 82 --- | ---111.5! 3.2 |10.4} 1.8°
B J-em o] -mn} --- 116,17 9.7 }16.07 9.6 }15.51 8.7 ]16.8] 9.3 | ~---1 ---]111} * 113.2] 4.6
9 {13545 --- 1 ---114.1} 7.7 |16.5!10.1 |17.1{10.2 {16.6} 9.1 } --~| ~--] --- | -~-|16.0] 74
15.51 9.1 ]16.81 9.9 :
10 {12.0{ 50 --~| -~--]12.2] 5.8 }14.8| 8,4 |15.5] 8.5 |16.2| 8.6 116.0} 8.0 {20.0{11.7 {18.0] 9.4
19.2 110.9
11 {12555 ) ---{---]J11.5] 5.1 |14.5 8.1 |14.5| 7.5 ]13.4] 5.8 }13.9] 5.9 |18.0] 9.7 |18.0] 9.4
11.3} 4.9 -
Noon[13.0| 6.0 } --~ ] ---{11.1] 4.7 |13.3] 6.9 }12.9] 5.9 |12.5| 4.9 ]12.6 4.6 |17.6!| 9.3 |17.2] 8.8
11.1] 4.7
1 J135|65)--~{---111.1] 4.7 |11.6] 5.2 {11.9| 4.9 {11.8} 4.2 |12.0| 4.0 |16.4] 8.1 |16.8] 8.2
N 11.2] 4.8 }10.8| 4.4 10.41 2.7 110.3| 2.3
2 1140 7.0 {11.4] 5.0 }11.2] 4.8 {10.5] 4.0 |11.4{ 44 | 9.5 1.8 {11.0] 3.0 |14.Y| 6.4 |16.0] 7.4
10,5 4.0 }10.5¢{ 3.5 g
3 ]14.5} 7.6 |12.4] 6.0 |11.4] 5.0 §10.5| 4.0 ]10.5| 34§ 9.56] 1.8 ] 9.4] 1.4 ]13.2; 4.9 |15.0] 6.4
15.0| 8.1 "110.91 4.4 |11.51{ 4.4 ] 9.81 21 E
4 }20 8.1 }13.6] 7.2 }12.4] 6.0°111.4 ] 4.9 |12.6] 5.5 ]10.5 | 2.8 }10.3] 2.3 }11.7] 3.3 j14.2] 5.6
0! 8.1 :
5 114.8| 8.0 }14.4] 8.0 |13.6| 7.2 |13.2| 6.6 {14.0] 6.9 |11.9] 4.1 {11.4| 3.4 ]10.2] 1.8 |12.9| 4.3
9.6 1.2
6 §14.6; 7.8 |14.4] 8.0 |14.8| 8.4 |14.8 | 8.2 [14.7| 7.5 |13.1] 5.3 {12.6| 4.5 | 9.0| 0.6 |12.0| 3.4
. 10.6) 2.0
7 114.0) 7.2 |15.0] 8.6 J14.4, 8.0 }16.2| 9.6 |17.0] 9.8 ]14.0| 6.2 |16.4 8.8 |12.0] 3.6 |11.5] 2.8
8 113.4) 6.6 }15.0| 8.6 {15.2] 8.8 {17.0/10.4 }18.0 10.8 116.2 8.4 {19.5{11.4 |15.4] 7.0 |13.6{ 4.9°
9 }g.g g.g 14.0| 7.6 |15.6| 9.2 }16.6:10.0 {18.411.1 [18.6 10.8 {21.0{12.9 | --- | --- |16.2] T.5.
10 igg g.g 13.01 6.6 |14.6| 8.2 {16.2| 9.6 |18.0 10.7 {19.4 11.6 {20.6 125 | ---| --- }]19.2} 10.5
11 {123 5.6 [125] 6.1 [13.2] 6.8 16.21 9.6 §17.2} 9.9°119.0 11.2 120.0{13.9 { -~- | --~|20.2} 11.5
[Midn’t|13.0, 6.3 |12.0} 5.6 | 12.6] 6.2 ]15.2| 8.6 {14.0| 6.7 |18.0 “10.2 ceml et} een ] -o (2141 12,8
dane 3. Correction —Y7.0 June 4. Correction —6.4 June 5. Correction —6.4
“ 6« 64 “ oy, o« _Nqo “ g % -6
“9 4 —8.0 The record on this day is defective.
“ 10, “ —8.3 Readings between the full hours are less frequent than before, and are generall,
. %11, “ ~8.6 " [given only near high or low wate;
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SERIES III.—TIDéL OBSERVATIORS FROM APRIL 20 10 AvGUsT 3, 1854.

Hourly observations on the pulley-gauge. Adoepted reading of mean level 7.0, expressed in units
of the scale. Increagsing numbers indicate rise of water.

.

June, 1854.
§ : !
Mean | 12th.. Ref. | 13th.| Ref. 14th.g‘ Ref. { 15th.| Ref. | 16th.| Ref. | 17th.’ Ref. | 18th.| Ref. | 19th.| Ref. | 20th.! Ref.
solar : ohs. obs. | obs. obs. obs. i obs. obs. obs. | obs.
hour. | | | i
| 21.0 112.1 ! 19.2 110.4 !
1 |22.0.13.2 {21.0 12.1 [21.0 12.1 [20.1 11.3 {16.0| 7.3 |17.3 8.6 |14.4| 6.1 [14.0| 6.2 [13.5; 5.8
21.5 12,7 21.0112.1 ; 13.0 5.3
2 19.8 11.0 {19.9 [11.0 {21.0 12,1 |21.1 12.3 [17.2| 8.5 [18.6 9.9 [15.6] 7.3 |15.1| 7.4 |12.9] 5.2
. | 21.1 12.3 19.2 10.5 12,91 5.2
3 {185 9.7 [18.2] 9.3 {20.2 11.3 {21.1 12.3 })9.0‘10.3 20.0 11.4 {17.0 8.7 [15.9] 8.2 {14.0. 5.3
: | 20.9 12.1 }20.0 11.3 J
4 [15.2) 6.4 18.0) 9.1 119.6/10.7 {20.2 11.5 | 20.4 11.7 |19.9 11.3 |18.2) 9.9 |16.2| 8.6 [14.0] 6.2
: | | ! ;
5 112.5: 3.7 [13.21 4.3 |15.3, 6.4 163; 7.6 119.0/10.3 {17.6 9.0 |18.4 10.2 {18.0/10.4 {156 7.8
6 |10.4) 1.6 |11.6] 2.7 |12.2. 3.3 |14.4| 5.7 |16.8) 8.1 |16.4 7.8 [18.0 9.8 |18.1]10.5 |16.4: 8.6
a ‘ |
7 1104 1.6 }10.0} 1.1 |10.5 1.6 115@2.8 14.3| 5.6 |14.2. 5.6 |17.5| 9.3 |18.0/10.4 |17.6] 9.8
! |
8 [13.2) 4.4 |10.0] 1.1 [10.5. 1.6 10.8!2.1 12,8 4.1 J12.4. 3.8 {17.0 8.8 |17.8 110.2 [17.7] 9.9
9.1] 0.2 1 10.4 1 1.7 11.6 3.0
9 155 6.7 ]10.0| 1.1 {12.6: 3.7 {10.0 | 1.3 |11.4} 2.7 11.4;2.8 13.4| 5.3 |15.6] 8.0 |17.6] 9.8
! 11.01 2.3 j11.2: 2.5 ,
10 16.6\7.8 12.21 3.3 14.0%5.1 12.02}3.3 11.4° 2.5 {12.2 3.6 {12.5| 4.4 [15.0{ 7.4 {16.5| 8.7
1 i
11 %gg 19.8 16.4| 7.5 16.0i71 14.5 5.8 [13.0 4.3 12,61 4.0 [11.6 gg 14.0§ 6.4 {14.8] 7.0
21104 ; j 11.2] 3.
Noon [17.6] 8.8 [18.4| 9.5 [17.6| 8.7 [16.2] 7.5 [14.6 | 5.9 |14.5} 5.9 |11.4] 3.4 |13.0] 5.4 [14.5] 6.7
19.2.10.3 {19.2/10.3 {16.5] 7.8 i
1 |15.8; 7.0 |19.2/10.3 [19.1 10.2 [17.2 8.5 |15.9} 7.2 |15.9 7.3 [12.0| 4.0 |12.0] 4.4 |14.0] 6.2
19.2 /10.3 3 17.21 8.5 [16.8] &1 | 11.6 | 4.0
2 |[13.8 5.0 |118.9:10.0 |19.1 10.2 {17.21 8.5 |17.6| 8.9 |17.3 &7 {13.3| 5.3 |12.0| 4.4 [13.6] 5.8
16.2, 7.5 |16.9] 8.2 {17.9 9.3
3 |13.0) 4.2 ;17.6, 8.7 |17.4 8.5 [15.5: 6.8 }16.2! 7.5 |17.5 | 8.9 |16.6] 8.6 |13.0| 5.4 |13.0] 5.2
5 | ; , ; | 12.2] 4.4
4 |11.6: 2.8 [16.2 7.3 {16.0} 7.1 |15.0, 6.3 {15.5 6.8 17.0 8.4 116.3| 8.3 |14.0, 6.4 [12.4| 4.6
; ; | 16.0] 8.0
5 110.31 1.5 14.8; 5.9 1421 5.3 1184, 4.7 |14.8 6.1 [16.6° 8.0 |18.5|10.5 |15.0! 7.4 |14.0] 6.1
9.6 0.8 ! ) i 15.01 7.0
6 | 9.2 0.4 |14.2! 53 %g.g 41 112.6! 3.9 114.6 5.9 {16.1 ' 7.5 |14.3| 6.3 |16.5; 8.9 |15.0] 7.1
9.6 0.8 | 4115 E :‘ | *
7 110.2] 1.4 |14.0; 5.1 %gim 11.6° 3.9 [14.2: 5.5 [15.8 7.2 {13.2| 5.2 |17.41 9.8 |16.7] 8.8
j 4115 [11.2) 2.5 ] 17.6 110.0
8 [12.4! 3.6 {10.0, 1.1 |10.2/ 1.3 111.0: 2.3 |12.8 4.1 15.2! 6.7 |13.6 5.6 |17.4| 9.8 |17.8] 9.9
| 11.0¢ 2.1 {110.6] 1.7 {11.21 2.5 | |
9 [15.0] 6.2 [12.0! 3.1 L0121 1114, 2.7 124 3.7 |14.2 5.7 |14.3) 6.3 [16.8| 9.1 [18.4] 10.5
1 | i | i 1
10 1185, 9.7 |15.0 6.1 [12.4) 3.6 {13.6, 4.9 13.0;4.3 13.4, 4.9 |15.0] 7 115.5| 7.8 |18.5] 10.5
11 |21.0 12.2 18.0§ 9.1 {15.0} 6.2 15.0} 6.3 114.0| 5.3.13.0} 4.6 {14.0} 6.2 |14.5| 6.8 {16.9 8.9
i : ‘: | :
Midwt] --- | --- {20.4 115 | 18.0 9.2 S 15.2% 6.5 |13.0° 4.6 [13.4] 5.6 |14.3] 6.6 [15.6| 7.6
i ! ! ! 1 : i |

June 12, Correction —8.8 The record on this day is defective, the times being uncertain.

“ 13, ¢ —8.9 June 14. Correction —8.9
415, & —8.7 *16. “ —8.7
“ 17, “ —8.6 “ 18, « —8.0

“ 1o, s —7.6 w9, “ 7.8
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Sgrres 11T~ TipAL OBSERVATIONS FROM APHIL 20 To August 3, 1854, l

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units
of the scale. Increasing numbers indicate rise of water.
June, 1854.
Mesn | 21st. | Ref. | 224. | Ref. | 23d. | Ref. | 24ih. Ref. | 25th.| Ref. | 26th.| Rer. 2m1.’ Ref. | 28th.| Ref. | 20th.] Ref. |
solar obs. obs, obs. obs. obs. obs. obs. obs. oba.
hour. :
. 21.0 10.6 214 11.4
1 (145! 65 {15.2] 6.6 {16.5] 7.0 {20.5(10.1 {19.0| 8.3 | 22.4]12.1 {20.210.1 |21.4]11.4 214} 114
14.2| 6.2 22.4112.1 21.41 11.4
9 113.8! 5.8 (13.9! 5.3 114.7] 5.2 |18.0, 7.6 ]17.0| 6.3 }20.0] 9.7 {20.210.1 |21.4{11.4 |21.4| 114
13.8} 5.8 :
3 |13.8| 5.8 111.5! 2.9 {13.8] 4.3 |15.8| 5.3 {16.0| 5.3 {17.6] 7.3 |18.5| 8.4 |19.1] 9.1 {20.0| 10.0
13.8 5.8 {13.3 4.7 |13.4] 3.8 {15.0] 4.5
4 1149159 )] ---1---113.21 3.6 }14.2; 3.6 |14.1| 3.5 {15.0] 4.8 | 170 6.9 |16.3] 6.3 }1B.0] 8.0
5 (14463} ---1---114.0} 4.3 {14.2 6113.0] 2.4 |12.2] 2.0 |12.0} 1.9 }15.3] 5.3 | 16.6] 6.6
¢ 1571761 ---1---11461 4.9 |15.1} 4.4 {13.4| 2.8 |13.4| 3.2 |12.2] 2.1 |14.4} 4.4 {155| 5.5
7 116382 }{---. ---]15.0! 5.2 {15.3} 4.6 |14.0} 3.4 13.81 3.71]12.8, 2.7 {13.8! 3.8 {13.9| 3.9
8 117.2) 9.1 {16.7! 7.6 |15.6| 5.8 |15.5| 4.7 |14.5 3.9 j14.4| 4.3 |13.4 3.3 |13.2| 3.2 {13.8] 3.6
17.21 9.0 13.5; 3.5 113.91 3.9
9 117.6: 9.4 {17.6! 8.5 118.4| 8.5 {16.4| 5.6 |16.2| 5.6 |16.0 5.9 |14.6| 4.5 |14.0} 4.0 | 14.4] 4.4
17.24 9.0 119.0} 9.9
10 {16.2} 8.0 |18.5] 9.4 |184! 8.5 [17.5]| 6.7 ]17.0} 6.4 ]17.2! 7.1 1164} 6.3 |15.5! 5.5 |16.2] 6.2
11 {15.8] 7.6 {17.5] 8.4 |18.1-} 8.1 {18.3}| 7.5 {18.1| 7.5 {18.8] 8.7 {18.0| 7.9 |17.8 7.8 |18.0] 8.0
18.5 7.7 118.8| 8.2
Noon |14.6 | 6.4 ]116.5; 7.4 |17.8| 7.8 |18.9| 8.1 |18.9 8.3 {19.8; 9.7 |19.4 9.3 }19.1 9.1 |18.4| 8.4
- 18.9 ) 8.1 19.91 9.8 119.2; 9.2
1 |14.0{ 5.8 |[16.0] 6.9 {16.0{ 6.0 }18.5| 7.7 {18.2 7.6 {20.0] 9.9 |19.0; 8.9 {19.2] 9.2 |18.0| 9.0
19.0| 8.8 19.2] 9.2 119.1] 9.1
2 |13.0{ 4.8 {15.4 6.3 {15.5| 5.5 |15.9 5.1 |16.5 5.9 {118.2} 8.1 {17.8} 7.5 118.6| 8.6 |19.1] 9.1
124 4.2 18.8] 8.8
3 |11.2] 3.0 |14.4!| 5.3 |14.01 3.9 {14.7| 3.9 |15.7| 5.1 |16.4] 6.3 ]16.8) 6.7 j17.5| 7.5 |17.5] 7.6
11.9} 3.7 .
4 13.9|§ 56 113.21 411{13.6|3.5113.9!1 81 ] ---}| ---115.0} 4.9 |16.0} 5.9 {17.2| 7.2 |16.4| 6.4
i 12.8| 3.7 |13.5] 3.3
5 114.6; 6.3 |12.5! 3.3 113.2(3.0{13.2, 24} ---1 ---]14.01 3.9 |14.8] 4.7 |16.8{ 6.8 |13.4} 3.4
| 13.0] 3.8 [13.2} 2.9 {12.8} 2.0
6 116.5: 8.2 114.6) 5.4 113.2] 2.9 |13.5| 2.7 {13.7. 3.2 113.3| 3.2 |13.8] 3.8 }]15.1} 5.1 }J12.1] 2.1
| . 114.21 3.9 12.5] 2.4 ’ 12,0y 2.0
7 |18.4 10.0 117.2! 7.9 |15.0] 4.7 |15.0| 4.2 |13.6| 3.1 {13.01 2.9 |13.8| 3.8 [12.8] 2.8 {12.6 2.6
13.01 3.0 112.5; 2.5
8 {19.5.11.1 |18.0 8.7 j16.0{ 5.7 |17.0 6.2 |15.0 4.5 115.0: 4.9 113,21 3.2 113.1{ 8.1 }13.5] 3.8
9 20.01311.6 19.0¢ 9.6 [19.0] 8.7 {19.0; 8.2 |18.0, 7.5 |19.4| 9.3 |15.0{ 5.0 }15.1{ 5.1 {15.2] &.3 k
21.5113.0 |19.5 10.1 ,
10 §20.5112.0 §20.010.6 |21.0:10.6 | 21.0 10.2 120.2; 9.8 122.2:12.1 {17.6] 7.5 j17.2; 7.2 [16.7] 6.8
20.0 110.6 21.5 110.8
11 [18.5'10.0 {19.8110.3 {21.4111.0 {22.0:11.3 }{21.511.1 | 22.412.3 {20.0 10.0 {19.2| 9.2 {17.8{ 8.0
21.4 [11.0 | 21.8 111.1 o
Midn’t‘. 14.1; 5.6 [19.4 9.9 |21.,4{11.0 {20.6| 9.9 |22.011.6 |} ---{ ---}121.4]11.4 121.3111.3 }19.5| 9.7
June 21. Correction — 8.2 June 22, Correction — 9.1
“ 23, # —10.0 “ 24, ¢ -—10.8
“« 95, o« 10.6 Co«o26 o« 10
“ 27. “ —10.1 Some doubt about the time record in the afternoon.
« 28, # —10.0 ’

“ 29 $t ~—~10.0
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Series 111.—TipAL OBSERVATIONS FROM APRIL 20 To Avausr 3, 1854,
Hourly observations on the pulley-gange. Adopted reading of mean level 7.0, expressed in units
of the seale. Increasing numbers indieate rise of water.
June, 1854. July, 1854.
Mean | 30th.| Ref. | 1st. | Ref. | 2d. | Ref. | 3d. | Ref. | 4th. | Ref. | 5th. | Ref. | 6th. | Ref. | Tth. | Bef. | 9th. | Ref.
solar obs. obs. obs. obs. obs. obs. obs. obs. obs.
hour. |
, | ; 15.71 6.7
1 |19.0} 9.2 118.5| 9.0 {20.6 11.0 [14.5| 5.9 {16.3| 7.6 [15.2; 6.5 {15.0] 6.0 |17.0| 7.8 {15.5| 8.3
i | ; 15.0} 6.0 {17.0) 6.8
2 120.8/11.0 [19.8 10.3 | 21.0 11,3 {16.3; 7.7 |16.9| 8.2 115.6 6.9 |15.0| 6.0 |15.8 5.6 {13.0| 5.8
15.0| 6.0 {15.8] 5.6
3 [21.011.2 120.7!11.2 | 21.4 11.7 |17.3| 8.7 |17.4] 8.7 |16.8| 8.1 |15.0] 6.0 |15.8| 5.6 |11.0| 3.9
22.0 12.3 120.9 11.4 | 17.61 8.9 15.6 | 6.6 }15.8, 5.6
4 {20.410.7 }121.0 11,5 | 21.4 11.7 {17.8] 9.1 |18.6| 9.9 {17.3! 8.6 115.6| 6.6 |15.8| 5.6 | 9.8 2.7
21.0 11.6 | ° 17.81 9.1 16.0; 5.8 | 9.5| 2.4
5 119.8.10.1 |21.0 11.6 {17.6 7.8 |17.5 8.8 ]18.6:10.0 | 18.4; 9.7 |17.0| 8.0 |16.4] 6.2 ] 9.5 2.4
20.7 11.3 9.51 2.5
6 |18.0, 8.4 ]19.5,10.1 {15.7] 5.9 {17.0 8.2 }18.6 10.0 {18.6! 9.9 [17.6} 8.5 |17.2. 7.0 | 9.8] 2.8
18.8 110.2 | 18.8 110.0
7 117.0 7.4 171 7.7 |14.4 | 4.6 [16.3, 7.5 }18.8[10.2 118.9/10.1 |18.2 9.1 18.8: 8.6 110.5| 3.5
18.4! 9.8 [18.4' 9.6 |18.5| 3.4 {19.0, 8.8
8 {15.0 5.4 [15.7] 6.3 |12.7; 4.5 {15.7] 6.9 |17.6| 9.0 184! 9.6 {18.5| 9.4 |19.4 9.2 |12.4| 5.4
14.0| 4.4 17.8| 8.7 119.1 8.9
9 [13.5; 3.9 {13.5| 4.1 {12.0 3,8 {14.0] 5.2 {15.0] 6.4 {18.2! 9.4 [17.0} 7.8 {18.5 8.3 |13.8] 6.8
14.8 5.2 [12.2] 2.8 |11.7] 3.5 {140 5.2 |
10 {16.1} 6.5 [12.0} 2.6 |11.4: 2.2 113.6| 4.8 {14.0| 5.4 {17.0; 8.2 |16.2] 7.0 [16.8 | 6.6 |15.4| 8.4
12,51 3.1 |11.4] 2.2 |13.6{ 4.8 {13.6! 5.0 ! 1551 8.5
11 |18.71 9.1 {13.00 3.6 [11.4] 2.2 |13.6} 4.6 {13.0| 4.4 {15.0} 6.2 |15.9] 6.7 |15.5| 5.3 |15.5| 8.5
18.91 9.3 11.4] 2.2 [15.01 6.2 [13.0 4.4 | 14.9{ 7.9
Noon {19.01 9.4 |15.4/ 6.0 {11.9 | 3.7 {16.5{ 7.7 |13.1 | 4.5 {14.0 5.2 {14.0| 4.8 {155 5.3 |14.3| 7.3
10.0] 9.4 | | i 13.3| 4.5 [13.1] 3.9 |
1 {18.8!9.2[17.2) 7.6 {12.2) 3.9 {183 ? [13.2, 4.6 |13.1] 4.3 }13.1| 3.9 [14.4 4.2 |13.2| 6.2
! | | 13.1 4.3 |13.1] 3.9 !
2 [17.0 7.4 |18.1] 8.7 |13.4| 5.1 |16.2] 7.4 114.0| 5.4 |13.1] 4.3 |13.1} 3.9 {13.3 3.1 [11.2] 4.3
] 13.21 4.4 |13.1] 3.9 {13.2 3.0
3 (155 6.2 |18.31 8,9 |14.4, 6.1 |17.2] 8.4 [15.3] 6.7 {13.4 4.6 {13.4]| 4.2 [13.2 3.0 ] 9.1 2.2
| | 13.2: 3.0} 83] 1.5
4 115.0) 5.4 :18.3: 8.9 }15.21 6.8 118,21 9.4 [17.2] 8.6 }16.1 7.3 {14.3] 5.1 {13.2 3.0 8.0{ 1.2
! 18.4| 9.6 13.7 3.5 | 80| 1.3
5 |14.01 4.4 |18.7! 93 115.6] 7.2 }18.6! 9.8 l17.4| 8.7 |17.51 8.7 {173} 8.1 14.2: 4.0} 8.0 1.3
17.58) 8.4 115.7] 7.3 118.6] 9.8 15.31 8.6 2.0
6 |13.5] 3.9 |17.3! 7.8 [15.3] 6.9 |18.6] 9.8 |18.0 9.3 [18.0] 9.2 }18.3| 9.1 151 9.0 2.4
18.3] 9.5 {18.5, 9.8 118.7 9.9 16.6 |
7 113.4] 3.8 [16.2: 6.7 |14.6 | 6.2 [18.0} 9.2 |18.5| 9.8 19.4i10.6 19.5 10.3 16.4111.0] 4.5
18.5] 9.8 [19.4 105 [19.9 10.7 |17.4,
8 {13.4) 3.8 {14.7] 5.2 | 14.0| 5.5 |17.5 8.7 }18.0| 9.3 {19.4 10.5 | 20.4 11.2 1 7.2 113.4! 6.9
. 19.4 10.5 | 20.4 11.2 [18.0
9 11431 4.5 {14.5] 5.0 {14.0 5.5 116.7] 7.9 {174} 8.7 |19.4.10.5 120.4-11.2 1 7.8115.91 9.5
10.2,10.3 |20.4 111.2 i
10 |15.4] 5.8 |17.5| 8.0 [12.8] 4.3 |15.8] 7.0 |16.2] 7.5 |18.7| 9.8 [20.411.2 | B & 18.2{ 11.9
12.4] 3.9 |15.6 | 6.9 | 20.1110.0 | 2|
11 |16.0) 6.4 [18.9) 9.3 112.3) 3.8 |15.6| 6.9 |15.8| 7.1 {17.2; 8.3 {19.7 ]10.5 TR 18.6 | 12.3
12,31 3.8 | 15.6; 6.9 | j &5 18.7/ 12.5
Midn’t{ 16.7] 7.1 {19.7 \10.1 123, 3.8 |15.7| 7.0 |15.2| 6.5 [16.0; 7.1 17.1\ 7.9 18.7| 12,5
| | j |
L]
June 30. Correction —9.6 July 1. Correction —9.4
July 2. “ —9.8 before 8§ A. M., and —8.2 after § A. M. “ 3. # ~—8.8
149 4' [13 __8.6 3 5- “ ,__8.8
“o 6. s —9.2
R “ —9.2 Tide register out of order at 2 o’clock, changed index 1 foot; correction after
8. The readings appear irregular. Correction at noon —7.0, at midnight —6.2. [2 A.M. 10.2.
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Serizs II1—TmAL OBSERVATIONS FROM APRIL 20 T0 Aveust 3, 1854. 1
Hourly observations on the pulley-gaunge. Adopted reading of mean level 7.0, expressed in units
of the scale. Increasing numbers indicate rise of water.
July, 1854.
Mean | 10th.| Ref. | 11th.| Ref. | 12th.| Ref. | 13th.] Ref. | 14th.] Ref. | 15th.| Ref. | 18th.] Ref. | 19th. ! Ref. | 2060, Ret.
solar obs. obs. obs. obs. obs. obes. obs. obs. obs.
hour.
18.4(12.3 119.3113.4 [19.3]13.3 {19.5 [13.5
1 {16.8[10.7 {19.0113.1 |19.3[13.3 {19.6 13.6 |17.011.0 181 ¢? }---|---]---1---120.8}] 6.1
19.3{13.3 [19.6 (13.6 {18.012.0 [16.1] * ]
2 {14.1] 8.1 {17.0111.0 |19.0]13.0 {19.0/18.0 | 18.6 12.6 }13.2] ¢« | ---] cecf-nn]--- 20.?1 5.8
204} 5.6
3 112.5] 6.5 |14.0) 8.0 |16.5(10.5 }17.8 {11.8 |18.4/12.4 e o] ---1--5120.4 5.6?
. 20.5] 5.7
4 |10.0] 4.0 ]12.1] 6.1 |12.0} 6.0 |16.310.3 }17.3 11.3 weef -] ---t---]208] 5.9
9.0] 3.0
5 | 82|22 9.1}3.1 101} 4.1 {14.0] 8.0 [15.0! 9.0 ? 119.1} 4.6 |20.4] 5.5
8.2] 2.2 : : 19.21 4.7
6 ] 8222]. 801201} 7.8/1.8{10.2]42])---}--- 2] « 11944812121 63
85{25] 7.511.5] 7.1] 11 g :
7 | 90}30f 78,18} 7.0 10} 75 15]-n-1--- g « (20357 (221 7.2
9.4 85]25] 7.3/ 1.3 7.0] 1.0 -
8 | 66{---]9.0/30| 8222} 70/ 10[---}--- ;.'J « 121.2] 6.6 {22.2] 7.3
71| 1.1 ] .
9 | 7.2|---}11.5| 6.5 |10.5| 45| 8.0} 2.0 7.8] 1.8 F 1 0% 1222 7.6123.0] 8.1
7.81 1.8 = 21.71 7.1 }23.3| 8.4
10 110.3] 4.5 {14.0] 8.0 |13.0] 7.0 |10.21 4.2} 7.9] L.9 « 121.21 6.6 |23.6| 8.7
: . 23.5| 8.6
11 }12.1 6.3 |15.6] 9.6 |15.4| 9.4 112.6 6.6 ] 9.3/ 3.3} & « 12181 7.2 123.5| 8.6
16.110.1 El N
Noon |13.5] 7.7 {16.010.0 }16.1/10.1 |14.9] 8.9 {12.3| 6.3 ]| & 21.3| 7.0 {20.0] 5.4 J22.2! 7.3
14.01 8.2 |16.1{10.1 {16.0{10.0 {15.9] 9.9 E 20.21 5.9
1 |14.2] 8.4 |16.0/10.0 {16.0110.0 |16.0/10.0 {14.1| 8.1 | » 19.1] 4.8 {19.6 5.0 |20.1] 5.2
13.1] 7.3 16.0(10.0 |14.4( 84 | 8 19.1] 4.8 [19.0] 4.4
2 {12.1] 6.3 {15.2) 9.2 |15.3] 9.3 |16.0/10.0 |15.2] 9.2 | o 19.1] 4.8 {19.8] 4.7 }19.4] 4.5
151 9.1{15.2| 9.2 | & 19.3{ 5.0 19.7] 4.8
3 j10.2| 4.4 113.21 7.2 {13.2] 7.2 {14.2] 8.2 {15.2 9.2 3 20.2} 5.9 119.31 4.7 |20.4! 5.5
144|841 2
4 | 8.0} 2.2110.0] 4.0 [11.0} 5.0 |13.3] 7.3 |14.2]| 8.3 §° 21.3} 7.0 {20.0] 5.4 121.2] 6.3
7.81 2.0 = ‘
5 | 7.011.2] 87|271100|4.0}{---]---113.0|7.0] B 2211 7.7 121,11} 6.5
7.0 1.2 § 7.8] 1.8 =
6 {7.6l17] 72112 87 27)---]---]12.8] 6.8 23.2] 8.8 [ 22.4] 7.8
72,12 | 8.0 2.0 23.4] 9.0 .
7 j101}42] 75115 7.2| 1.2 9.0/ 80} ---|--- 23.6] 9.2 123.6] 9.0 3
7.2] 1.2 ] 87] 2.7 23.6] 9.2 | g)
8 {13.117.2] 9.0/3.0] 7.6/1.6] 84|24 ---|--- 23.619.2 {23.9] 9.2
23.3/ 8.9 |24.0] 93] E
9 {1x0]91]105]45] 9.2/ 3.2}---]---] 8.5{25 22,9} 8.5 }24.0} 93] &
8.91 2.9 2341871 =8
10 J17.0011.1 {13.9| 7.9 {122 6.2 |---]| ---} 9.0 3.0 22.1| 7.7 |23.4] 8.7 '§
11 |{18.6/12.7 {16.8{10.8 |16.8/10.8 |---} ---]11.5] 5.5 21.4} 7.0 123.4 .
19.0 13.1
Midn't! 19.5 113.6 119.013.0 {18.2112.2{---} ---]13.21 7.2 20.3] 5.9 |21.3
»
July 10. Correction — 5.8 July 11. Correction — 6.0
“ 12, u — 6.0 & 13, & - .0
“ 14, “ — 8.0 % 15, “ 4
“« 18, .« —14.3 “ 19, 5 ~=14.6
“ 20, « —14.9 . .
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SErTES I111.—TIpAL OBSERVATIONS FROM APRIL 20 To Avcust 3, 1854.

Hourly observations on the pulley-gange. Adopted reading of mean level 7.0, expressed in units
of the scale. Increasing numbers indicate rise of water.

July, 1854. August, 1854.
Mean | 28th. | Ref. | 20th. | Ref. | 30th. | Ref. | 31st. | Ref. | Ist. Ref. | 2d. | Ref. 3d. | Ret
solar obs. obs. obs. obs. obs. obs. obs.
hour. |
1 . 10.6 | 10.1 ] 10.6 | 10.5 | 83 | 83| 8.0 8.0 6.8 7.0 5.3 5.7
Al 11.2 | 111 5.5 5.9
2 5 11.3 | 10.8 | 11.2 | 11.1 | 8.6 | 8.6 | 8.4 8.4 8.0 8.2 6.0 6.4
I+ 12.3 1 11.8 | 11.2 | 111 9.1 9.1
3 b 12.5 | 12.0 [ 11.2 1 1L1 | 9.3 ¢ 9.3 | 9.3 9.3 8.7 8.9 6.5 6.9
Z 11.3 | 10.8 | 11.0 | 11.0 ‘
4 = 10.2 | 9.7 | 10.8 | 10.8 | 10.6 | 10.6 | 9.3 9.3 9.0 9.3 7.3 7.7
= 9.2 9.2 8.2 8.6
5 2 84 | 80102 (102 | --- | --- ] 9.0 9.0 {10.2 |10.5 8.4 8.8
- 9.0 !+ 9.0 8.4 8.8
6 g 61 ] 551 851 85 --- | -«- ] 90 9.0 9.1 9.4 8.4 8.8
z 8.4 8.8
7 = 3.0 26| 64| 64 --- | ---{ 7.5 7.5 74 | 7.8 8.4 8.8
= 231 1.9 | 51 0 5.1
8 g 200 17| 321 32| --- 1| --- 1 55 5.5 6.4 6.8 7.7 8.1
2 2.0 L7 | 32 32
9 - 22 1.9 32 32 40 40| 46 4.6 5.0 5.4 6.0 6.4
£ 3.3 | 33 44 1 4.4
10 2 35 0 321 34| 34| 52| 5.2 44 ! 44 4.2 4.6 4.4 4.8
2 4.4 4.4 4.1 4.5
11 S 4.8 4.5 4.2 4.2 5.5 5.5 4.4 4.4 4.1 4.5 3.4 3.8
! 44 4.4 4.1 4.5 3.4 3.8
Noon| 83| 76| 721 69| 61| 611 621 62| 4.4 44 | 41 4.5 3.4 3.8
9.1 | 8.4 5.0 5.0 4.3 4.7 3.2 3.6
1 9.2 1 &5 | 921 g9 | 7.0 7.0} TS5 75| 5.7 5.7 4.8 5.2 3.2 3.6
0.3 | &6 8.0 | &0 3.2 3.6
2 9.3 | 86 (102 0 9.9 &3 1 83| 9.0 90| 7.0 7.0 5.9 6.3 3.2 3.6
9.3 | &8 85 | &5 90 9.0 4.0 4.4
3 0.2 0 &5 1113 1100 | 9.2 7 921 9.0 . 9.0 87 8.7 6.4 6.8 4.5 4.9
11.4 1112 | 9.0 | 0.0 ] 90 : 9.0 | 95 9.5
4 74 6.8 1115 1113 | £3 1 831 9.0 : 0.0 |104 | 105 6.8 7.2 6.2 6.6
11.0 | 10.8 ; 10.4 1 10.5
5 55, 4.9 | 100 0 98| 72 0 7.2 ] 91 91104 {105 7.0 7.4 7.4 7.8
! | 10.4 | 10,5 8.2 8.6
6 37031 78, 76 6.0 60 80 80102 |103 9.1 9.5 8.2 8.8
; 9.0 9.4
7 29, 23] 42 41} 511 51 6.6 66| 9.0 9.1 9.0 9.4 8.8 2.2
2.7 0 21 4.3 | 4.3 i 9.0 9.4
8 26 0 2.0 34! 33| 41 41| 54 54| 7.4 7.5 9 9.4 9.0 9.4
3.0 | 24 41 | 41 | 48, 4.8 9.0 9.4
9 22 271 331 32| 41 41| 48 48| 6.2 6.3 7.4 7.8 9.0 9.4
e 40| 3.0 500 501 48 48| 60 6.1 9.0 9.4
10 54 0 49 7 40| 391 52 52| 48 48| 6.0 6.1 6.2 6.6 8.2 8.6
4.8 ¢ 48 | 6.0 6.1
11 64 591 60| 59} 64 64| 48 ' 481 6.2 6.4 5.8 6.2 7.3 7.7
51 : 5.1
Midnt] 9.0 | 85 | 80| 7.9 --- | --- | 56 56| 6.5 6.7 5.6 6.0 6.0 6.4

Between the 20th and 27th of July the observations do not appear sufficiently regular to promise any reliable
results.

July 28, Correction —0.7 July 29. Correction —0.3 July 30. Correction 0.0
“ 31, « 0.0 Aug. 1. « —0.0 Ang. 2. w“ +0.4
Aug. 3. & +4-0.4 After this date the observations are irregular.

On the bth the rope slipped off the wheel.

Aug. 8. The brig was released from the ice cradle at 10 A. M., rising suddenly 2} feet. She resumed this
position upon very slight disturbance of the external ice, and is now on an even keel for the firgt tlme in eleven
months The brig was frozen in and fast since the 9th of Septewmber, 1853.

Aug. 10. The high-water mark was cut on the island by Mr. McGary.

Aug. 11. The warping of the ships was commenced. Tidal observations were resumed on the 12th. The

register is kept in fathoms and feet.
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Serigs IV.—T1DAL OBSEBVATIONS FROM SEPTEMBER T T0 OCTOBER 22, 1854.

Hourly observations on the punlley-gange.
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opted level of comparison of 7 feet.

This last series is considerably inferior 1n accuracy to the three preceding series.

Sept. 8. Some doubt about the time between 1 and 5 P, M.

After October 22. the soundings are too irregular, and later observations with the pul!ey-gai;ga tmwm

Nore.—The above numbers were taken from the record
affected by changes of the index. .

order to reduce the mean level of 15 feet to the ad
taken with the sounding line; bottom weedy.
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Reduction of Tides, Van Rensselaer Harbor, 1853-"54.

Having given the tidal record in a form ready for use, the observations next
require to be properly tabulated for the purpose of deducing empirically their laws,
and for comparison with theory. In the United States Coast Survey two blank
forms_are in use for this tabulation; they have in their essential part been adopted
as suitable for the Van Rensselaer Harbor tides, and were used with permission of
the Superintendent of the Survey. They are strictly applicable only for such cases
where the diurnal inequality is comparatively small, or is at least not approximating
to the production of single day tides.. In order to show, at a glance, the general
character of the tides under discussion, they were plotted a second time, and are
given in Plates I, 1T, and III; the observations having previously been referred to
. the same mean level. From these diagrams it appeats that the diurnal inequality
is not of so great an effect as to render the use of the ordinary method of reduction
unavailable; on the other hand, it is sufficiently large to require a special discussion
for time and height. The extension of the series of observations over a whole
year must -be considered as a fortunate circumstance, since the results thereby gain
considerably in accuracy over others deduced only from a few disconnected lunations.

The tidal record would not be complete without the observations for direction
and force of the wind, and for atmospheric pressure; the reader will find these
records in my discussion of the meteorological material of the expedition, in Vol.
X1, Smithsonian Contributions to Knowledge, 1859.

The following pages contain the first tabulation of the preceding record, viz:
column 1 contains the date, civil reckoning, adopted for convenience sake. Co-
lumn 2 gives the apparent time (civil reckoning) of the moon’s superior and inferior -
transit over the Van Rensselaer meridian, obtained by adding nine minutes to the
time of transit at Greenwich, allowing for a difference of longitude of 4" 43:™ W,
The mean time was converted into apparent time by applying the equation of time.
The time for the lower transit was obtained by taking the mean of the time of the
preceding and following upper transit. Columns 3 and 4 contain the apparent
time of high and low water, taken from the record; in some cases a graphical
method was resorted to, to obtain the instant of these phases with greater precision.
The equation of time has been applied to the mean time in which the observations
are expressed. Columns 5 and 6 contain the luiitidal interval between the time
of high water and low water, and the time of the transit of the moon immediately
preceding, though in some cases, owing to the half-monthly inequality, it may be
the second preceding, the establishment being about 11%# hours. This transit of
comparison has been called transit by Mr. Lubbock.! The next columns, 7 and
8, give the height of high and low water, extracted from the preceding abstract.
The remaining columns contain the moon’s parallax and declination at noon.

! See an Elementary Treatise on the Tides, by J. W. Lubbock, Esq., London, 1839,
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1
TABLE For THE REpvorion o Tipgs.—No. 1.

Showing the times of High and Low Water, and the Heights of High and Low Tides; together
vwith the time of the Moon’s passing the Meridian of the place, and the Lunitidal Intervals, at
Van Reunsselaer Harbor during the months of October 10, 1853, to October 22, 1855.

Series I.—FroM OcroBer 10 10 DEcEMBER 28, 1853.
Moon passes | Apparent time of | Lunitidal interval, Height of
the meridian. . - Moon’s Moon’s
Dare. parsllax declination
Appar. time. | H. water. | L. water. | H. water. | L. water. | H. water. | L. water. &t noon. at noon.
1853. . .
H | M [H{M B | M|H|M|H|M|P|De| Fi. Dec| Min. | Dec. | Degree.| Deo.
“ 10 6 | 57 8113111131345 |16 45] 8! o-] 41 7] 58 | 4 | —23 | s
. 7 26 6113 (.. ...]111] 18 e )9 2} e
“ 11 7 54 7158 1{43]12{382,18 46] 6} 7 4 4| 57 8 | —20 1! 9
8 22 7] 43 111341149 |17 47 9 5 4 8 i !
“ 12 8 47 8113 1743} 11151 17| 49 ki 9 4 0 57 3 -17 4]
9 12 929 214311214218 21 (10! 0] 4| 2
“« 13 9 37 9159 3/14}12 47118271 9| 1] 3! 71 58 7 —12 3
10 02 101141 315911213718 47110 9 3 1
“ 14 10 24 110114 | 4141121218 | 37 9 8 2 7 56 3 — 7 1
10 47 10{44: 315911212017 57111 3 2 7
“ 17 0 R RNO (P RETOTN (TR VAR ol EUR R T I I 7 9 | +81 9
0 35 11 1 45 5115111017 102] 10 7 1 5
“ 18 0 57 § o | woe 6100} .. ..:271 25} ...1..0 11 81 54 5 413 v
1 18 6 13}..]..117133}12} 3 2 0
« 19 1| 40 | 030 6/ 45|11l12]17 27|11| 5 1| 6| 54 | 3} 317 | 9
2 02 115 7115111 (35 (17 (8|12 4| 1 P9
“« 20 2 25 1115 5 /45}311{13]15 ;43)11| 5 5! 7] 54 2 | 421 ] 3]
2 48 145 91001112018 {3511 9 2 7
« 21 3 12 1130 7146110 | 42|16 | 57 9 9 2 8 54 1 423 8
3 36 3115 8130112103117 18] 11 11-4 4
“« 22 4 00 115 9116 9139171401410 5 3 4 54 2 4-25 2
4 25 3116 84611116 ;16 46 9 9 4. 6
23 4 51 3116 8131}10]561]16 |06 ] 10 3 3 9 54 4 425 1 5
5 161 4,16 10 ]16f11|25|17{25}10] 4 5 2 |
« 94 5 | 42 | 3131 8311101151515} 8| 7| 4| 5] s | 8 | 424 7°
6 07 5146 .. ] .. 112,04 ... | ... 9 T] o] e :
“« 25 6 32 5101] 0|16}10]54 |18 (34 7| 1| 5| 41| 58 4 | 422 6 ]
. 6 57 8116|1046 }13 )44 |16 | 39 8 5 b 2

w28 7 22 7146 013111214917 ] 59 7 0 5 2 56 1 419 5 ¢
s 7 46 8146, 046113124117 149] 9| 2! 6! 1 :

“ 27 8 11 816 174611213018 24 8 1 4 8 57 0 415 3

8 35 8 | 46 04611235117 00 9 8 5 5 :

u 98 8 | 69 f..l. ) 30 f . f...t18)50) 9) 3| 4} 5| 857 | 9 | 410 | 3

9 23 9146 3/46]12|47 (19111110 8] 5] 1

“« 29 9 47 946 4|01 }12]/23/19}02}10 ] 7 31 4] 58 ] + 4 6 F |
10 11 110(46) 411611259 |18 53|11 4| 41 ¢ ‘

“ 30 | 10 | 3 J12j01| 3 ;46|13(50]17|60)11) 6| 2! 9) 59 | 7 1! 5.
11 | 01 10 | 46 5116112110119 051}111 7 3 9 :

« 31 11 26 11 | 31 41161128 (17401121 0 1 61 60 4 -~ q

11 52 12 | 16 5]00}]12i350(18lo0}12) 2] 1 9 :

Nov. 1 . 111461 4146115427 ]200121 31 21 7! 40 8 | —13 | 6
0 19 |11 116 71011056719 09] 11 6, 3] 8 -

“ 2 [4] 48 7100 ... 118142 L .. 0 9 61 0 -—18 7
1 16 0116 711611 {28 ]18}28}14! 3 o} 1 : g :

“ 3 1 46 1116 7116112/ 00|18 ] 00} 11 8: 0] 0] 60 9 22 7
2 16 1381 8|46]11145/19]00}14] 2 1 5

“ 4 2 47 116 810111110017 45|11 8 0 3 60 ] ~25 0

. 2 IR (R VU ROV I R ) O IR IR O | 8 15 8 AU AU D B B

“ 3.160 1 11164 81311 9737112110 ! 1| 0} 74 89 | 9 | ~2 | &
A TR HEHHEEE
11139 3901911 2) 8189 | v} ~24]. 5"

5 23 4 46|10 {381}11 641739110 9! 2] ¢

“ 9 5 62 3146 10118110 23|16|583{ 8] 2! 8] 2] 58 4 ~Z1 £ 28

61 21 | 431 ). ]..4108..]..{10] 7] ..1].. B
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RECORD AND REDUCTION OF THE TIDES.

43
Series I.——From Ocroper 10 10 DrceMBER 28, 1853.
Moon pasges Apparent time of | Lunitidal interval. Height of
the meridian. e : € Moon’s Moon’s
Dars. parallax declination
| Appar, time. | H. water. | L. water. | H. water. | L. water. | H. water. | L. water. 8t noon. at noon.
1853.
( H | M |H |M|H |M|H |M | H |M|F De.l Fi De] Min. | Dec. |Degres. | Dec..
' Dec. 11 9 06 9(51] 3{3}13(05 19 11| 9{ 56| 1| 7} b4 5 {411 | 2
1 4 9 27 93| 3/3l12|30]/18/5] 7 8| 1| 8
® 12 9 | 49 |11]06] 4;06]13{39]19/00] 9! 9| 0! 3] 54 2 1 415 | ¥
| {10 10 {1106 4(36]13{17]19|09}] 9! 6] 2| 8
« 13] 10 | 31 |10(36| 4/05}12 |35 |18}16}311| 0| 3| 5| 54 | 0 | 419 | 6
' 10 | 54 1012 435114918 25} 81 6] 2| 8 . '
“« 14| 11 17 11(05| 4/35{12 |11 |18, 04]12| 5| 2| 3| 53 9 | 422! 6
11 | 41 [11/05) 6/06}11 48119 11| 8| 9| 2 4 [ |
“ 15| .. o boe el 5705 | [27 48}t 2 4} 53 ] 9 | 424 | ¥
: o ! 06 1,04) 6/04§13/23/18/23}13| 2| 51 5
e 161 0 30 0104 50411 58 16 58})12| 5| 3| 4| 54 | 0 | 425 | 6 §
o | 55 | ol19] vi19f11|49]18 4912 8] 1| & ; I
“ 17 1 20 0 841 6|03 1113917 08 71 5 21 7] b4 2 425 4
v 1 44 | .ol 5l l15|58)..]...] 0] 6
.« 18| 2 09 1/03] 7{03{11 (21911719 §..{ o] c] B4 5 | 4241 0
L % 19 2 58 21031 713211112917 |58 oo | coo | wee | wen 54 8 421 5
: 3 22 1:382] 8/02|10(34/17 (04 ..{..| ..o
E« 20| 3 46 2|17] 8/32]10({55{17]10{10] 9| 1 4| 55 3 | 4181 o
4 | 09 2147) 670211101114 11610} 41 .. ..
) | 4 | 32 3/02| 8|31{10|563]16| 22111} 6| 4| 5] 55 9 | 413 ¥
4 | 54 | 346} 9131|1114 |16 |59}11| 5| 4| 4
) 5 17 4{31) 916|111 y37{16 ,22] 9{ 1 5| 1} 56 5 {+81 7%
5 39 413111701111 |314!117 44§11 | 6| 4| 2
“ 23 6 01 631|111 {30}11 {5217 ({514 7| 5| 3| 1] 57 | 4! +31] 2
6 24 | 430 |11({30|10!/2 /17 |20} 8| 8] 2| 9
“ o4 6 47 7100 0| e d12¢36 ). |c} 7| 8| .n] 58 3| -2 6
7 10 63| 0/00f11/43,17!36] 9| 3| 4] ¢
S« 95 7 34 | 8lo00| 1(15f12 |50 18128} 8| o] 2| 4] 59 2 {—8 5
' 7 59 7131 o111 i56/17{056}) 7| 3| 4] 1
“ 26 8 23 8129 1441711213018 |10} 11 5 31 2] 60 0 —14 1
' 8 50 | 8|14] 21441151118 4] 9| 2| 4| 8
Ce 97 9 18 9128 1591238 17{36)11] 2| 1| 8} 60 7 1 —19 1
9 46 9/28| 3i!58}12(10(19/08) 9 1| 2} 9
“« 9281 10 16 110113 32812 27/18/10}11} 6] 1| 8] 61 2 | —22 9
10 | 48 |[1058| 4 |58 [12{42]/19]12])10} 6| 4| 9
SERiEs II.—FroM JANUARY 28 TO APRiL 7, 1854.
Jan. 27 | 10 58 (U R [T RN TR VPR AUV R RN BVO T I 60 7 —25 LI
“« 281 .. ol17) 6y17}13 1191819 |10| 6] 1| 0} 60 | 4 | —22 | 5 §
0 01 017 6{17112 {47 (18 (47{12] 4| 2] 6
“ 29 0 | 31 ol17] 6]17]12|16|18]16}11}| 9| 1| 3| 59 { 9 | —18 | @
1 0l 0| 2] 8lo2111)31{19(31}13| 3 —1} 8 :
“ 30 1 27 016 6j0r]11 |15 717]00] 9 01 0| 5] 59 1} —-13] 7
1 55 116 7146111 149181913 | 9|0} 4
“ 31 2 20 01461 7116110 |61 }17 21} 9| T|—0] 3} 58 2 — 8 1
2 45 116} 816110 {56117 66118 7] 1! § :
Feb. 1 3 08 2146] 84612 j0o1j18jorj11{ 1] 1) 3] 57 1 3| —2| 4
8 | 32 | 2146 9jorf11{38 175312} 9| 2] 1
“« 2| 8| 541 4101 9011212917 {20]10] 0} 2| 0} 56 4 | 431 3
4 16 2146 110{01 310562 ;18 j07}10! 6| 0 8
“« 3] 41 38 | 4|01 8|46{11|45{16/30] 8| 6| 3} 4} 56 | 6 | 4+ 8| 7
5 00 31461 9811110816 63} 8| 6| 2] 2 )
“« 41 5 21 | 446 9|o01}11 /46 {1601} 9| 2| 3| 8} 55 0 | 413 | 6
5 43 | 5116121611 (55118556 8 9] 8] 8B
“ b [ 06 61611216112 {33;18{33}10 b 51 01 B4 5 +17 8
6 28 516411 46111 {1017 /40}10} 7| 4| &
“ 6 6 51 811611146113 |48 |17 ]18) 9| 6| 81 8| 64 | 3 <421 3
7 14 giloli1ni164{13 110|116 {2541 7| 2 31 T} ]
« gl 738 | 7|46} .| j12!82 ] 9] 4] .| B8} 1| 423 &
8 02 71811 3101411 53119147} 8| 21 8 8
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RECORD AND REDUCTION OF THE TIDES.

Serres II.—FroM JANUARY 28 To APRIL 7, 1854.
Moou-passes Apparent time of | Lunitidal interval. Height of
the meridian. Moon’s Moon’s
Dare. - - parallax declination
Appar. time. { H. water. }] L. water. | H. water. | L. water. | H. water. | L. water. at noon. at noon.
1854. : - - | - - . e : :
C M| M |H M H | M|H|M|H| M]|Ft Dol Ft Deo| Min | Deo. |Degree. | Dec.
; I —— J . - e |
Feb. 861 8 | 26 11001 2 46|13ls9 |19 08] 91 5| 4| 7| 54 | 1 | 425 | 4
o8 |50 | 9150 3 1512 49|19 13| 6| 7| 3| 3
“ 9 9 | 15 10';15131!15 13725118 1 49f 9 7/ 38 8| 54 | 3 | +25 | 7
9 | 41 | 9145 4l45l12/30(19 (55 7 2, 3 3
“ 100 10 p 06 4100150 6015112, 34 1211001 9 2] 3] 7| 54 | 6 | 424 | 9
10| 32 [11145 5] 15]13 13919 34 6. 6] 1| 5
« 11 1e 57 |11145] 5100131318/ 54f10 5| 1! 3| 54 9 | 422 | 8
(111 22 | 110450 4145012 /48 (18 13| 71 7| 1| 8
« 3120 11 | 46 [10]45 5001123 18 ' 03 1) 5] 20 8} 55 | 4 | 419 | 8
o |11715 1 6130f11 (29 19 08) 8] 4! 2, 3
« 130 0 | 10 |1115] 5 145)11 05|17 59[12! 6] 0 7| 55 | 8 | +15 | 6
0 | 33 |10 45 5 15{10 /12|17 | 05 10{6 4! 1 .
“« 14° 0 | 58 e bogiast L {18118 ol 2] a4l 56 | 3 | +101 7
Pl 21 0:46 | 7,16]11 481818113 6 2, 6 i |
“ 150 1 | 44 1 031, 6i46|11 1017125111, 8| 3 2| 56 | & [ 45 3
2 1 06 1i16) 7'46]11 320118103 )12] 9! 4. 1
“ 16 21 29 | 0116 7 46(10.10/1740(13! 1| 2. 2} 57 | 3 | —0 | 3
2 {51 | 27001 §/16]11'382{17}47)13! 1] 2 3 |
w17 3 14 3i161 716112125 |16 25|12 6| 3. 9] 57 71 —6,0
B3 P 3T i 90161810211 7] 0 3 r 3
“ 180 4 | 00 | 31010 g9lo0r|11 2417/ 24|10 6| 2, 7{ 58 | 2 | —11 | 7
4 124 ) 2016 9:16)10 1617  16{10, 2| 3 © | |
“ 19 4 | 49 3116 10 /46|10 52|18 /22 {11 3| 41 5| 58 | 7 i —16 | 8
5 16 3,16 110 ;1610 27|17 2710, 7| 3| 0 | 3
“ 90 5 42 3146 9 161030116, 00]10} 8| 5 51} 59 1 —-20 . 9
6 1 10 | 3146 n | |10 04| ol [10 T ] e | 1 ?
#0210 6 39 e e e e [ e L b [ D | B9 5 | —~2¢ 1
70 09 | .. 11 | 46 ! 17186 .. i o | 4 3 | j
“ 22 7T 140 bl e e e e e L e b 59 8 1 =257
8 10 7:46 0 411612 062107} 9 1] 4. 7
“ 23, 8 1 41 110,16 2 46[14 .06 19 06)10 7| 4 3} 59 | 9 | —25 | 6
o9 112 [ 8l 4146112105 (201364 8] 9| 5. 7 |
“ 24 9 45| 9117 1717]12 05116 36|10 3| 3. 3] 59 | 9 | —23 | 7
c 1o 15 100170 3047112 32118 351 9 7| 2. 8 |
“ 25 10 | 45 10 17 3 47112 02|17 52|11 2| 2, 8] 59 | 6 | —20 | 3
S11 113 110 47 417|120 02(18 02|10 4] 21 0 1
“ 0260 11 | 41 J12)47) 4 47|13 341810211 9| 11 0 59 | 2 —15 7
Dol [11iar 61 02(12 06|18 49|11 ] 3] 3! 0 \ !
“ 27, 0 | O7 |11i47) 5]02{11 40|17 21|12 7|—0 4| 58 | 6 | —10 | 3
0 { 33 111147 602111 14117 !55|10] 3101 9 | !
“ 28 0 57 11232 6,17]11 35117 44§13 o} of 1] 57 | 9 | —4 ] 5
Co1 122 111747 702110 2518 0512} 4| 1 1 :
March1 : 1 4 ..l b T2 17 4] ] 0] 5 57 1141 4
.2 1,09 | 1132 8i47|11 /47 19 02]12| 9| 1/ 3
« 2l 2 | 31 1118 7/48(11:09 17/30(12]| 0| 2| 6| 56 | 4 | +7 | 0
i 2 1 53 | 1|83 9{18)11102{18:47{13| 0} 1| 9
“« 31 3 15 2103} 818111 110117/25]10| 64 2 5] 55 7 +12 | 2
;8 |38 | 2/18] 9103|1103 /17 4810} 9| 1] 5
¢4 4 00 31031 7/48{11 25,16:10{11 ] 1| 3| 9} 55 0 | 416 | 7
4 | 23 | 2148 8/48|10/a8 1648 f12 ) 1} 1] 0
“ b 4 | 46 | 348 8|48 11|25 1625 9| 2| 8! 1| 54 | 6 | +20 | 5
b . 09 | 3103 948|210 17 17Tj02)10] 1| 3] 9
“« 61 5 32| 418110 03}11,09{16|54}10) 5| 6| 1| 54 | 3 | 423 | 4
b 56 | 5119)10 34)11:47 17]02) 9] 6] 4] 1
“ 7 6 1 22 | 4)49 1049|1053 {16 53| 8| 8| 5{ 8| 54 | 2 | +25 | 3
RS B (N VOV R DRV ROV SNV ROVO RO HUOUES I VR RN
: | | :
“ 9. 8 | 03 . +25 | 5
L8 | 28 SRR VPR RV ROU VO NSO RN R
“ 10 8 ;53 | 9749 4121{13 212018 9| 9| 3! 9| 54 | 9 | 423 8
L9 18 11050 4(35/13 57,201 07| 8| 8| 5| 0
“ 11 9 | 42 f10|50) 4 ;35|13 32119 42|10 6| 5 4] 55 | 4 | 421 | o0
S0 08 e e e ] -
“« 140011 43 | ... ’ + 711
.0 ] 06 12]21 1215 1| 2] .
i | |




RECORD AND REDUCTION OF THE TIDES. 45
Sxrrxs 11.—FsoM JANUARY 28 T0 APRIL 7, 1854.
Moon Apparent time of | Lunitidal interval. Height of
the meridian. ' Moon’s Moon’s
DaTs. parallax declination
Appar. time. | H. water. | L. water. | H. water. | L. water. | H. water. | L. water. &t noon. &t noon.
1854,
H, M. |®H |M|H |{M|H|M|H | M| F.|De. Ft. De.| Min | Dec. |Degroe.| Dee.
Mar, 15 0 20 |11 l21) 6|21 |10 52|18 15}12| 7| 2| 3{ 57 6 | 411 2
0 52 | v | oo | 8108 o l29 037l 217
“« 16| .1 15 0!3| 8(21{11144 192010} 5| 3| 2] 58 1 | —41] 8
1 | 38 1121 613612061721 8] 4 3 0
“« 17 2 02 13 8|21{11158 |18 4312} 0| 0 7] 58 5 | —10 | 5
12 2% | ool 820} l18]19j10) 4] 1] 2
“ 18 2 52 1|52 9122111126 {18 |56} 12 1 1 6 58 8 —15 8
3 18 1152 sjo7{11joo|{17 |15} 9} 6| 3] 1
« 19 3 44 21221 7152|1104 1634|1212} 3| 2| 7} 59.] 0 | —20 ]| 4
4 12 237 8137]10]53116]531})10 7 2 [
“« 20 4 40 4l22 ... 112]10].. [..}12] 4]..10..] 59 2 | —23 | 8
“ 22 7 11 —26 0
“ .23 7 42 vios!l ... j12112) ]} 9 B ] 59 2 | —24 | 6
8 12 gl23] 1153012 411842 8| 5| 5| 3
“ 24 8 42 7 154 2109111 421827110 2 4| 8 59 0 —21 6
9 11 10 | 39 2124113 | 57 | 18 | 12 9 2 5 3
“« 25 9 39 9 | 54 3541124319 (12110 3 5 1 58 7 —17 5
10 05 9541 3 /54112115118 143| 9| 6| 4| 3¢
« 26| 10 31 9l24] 412411119 /18|45]21| 7| 3 8] 58 3 | —12 | 4
10 55 111{24| 4:89{12:!53 (18 [34}11{ 4] 8] 4
« 97| 11 19 [10 /54| 4!54] 11|59 182311 9] 2| 2} &7 8§ | —6 1| 7
11 43 |11 1/2| 5:2 (12,06 (183010t 9| 1| 3
« 98| ... w Y11 i25! 5 65|11 142 18]36}12) 0! 2| 0] 57 3| —~01] 8
0 07 .25} .. | ... 118142 i | o (=1 3
“ 29 0 29 0l40! 61251233118/ 18}12] 0| 3| 5] 56 7| +4] 9
0 52 040 6/25]12 1117156 (14| 5 —01 2
“ 30 1 14 1i55| 7i55]13]03{19103{12] 5| 3| 3] 56 1| 410} 4
1 36 0| o) 7411104618} 27]13] 5| 1| 3 i
“« 81 1 59.) 1141] 7!56]12]05]18 2§11 5| 1] 5] 5 5 | 415 | 3
2 22 1(5 | 8i56]11:57 18{57{13} 0| 3| 3
Aprit 4 5 | 11 |l | b f e Lo f e e f e e f ] 54 ] 8 ] 26 | 1
5 36 3157110112110 1461|1701 9 3 4 2
“« 5 6 01 5142/10]42{12]06|17]08] 91 7] 5| 0] 54 3 | 426 | 1
6 27 542|101 42]11 |41 |16{41] 6] 9] 5| 7
“« g 6 52 6l28 | ...)..112/01 ] ..|..] 8] 81 ..i..1 54 6 | +24 | 8
7 17 8 | 58 2281140620 01 6 7 6 0
« 7 7 41 8113 0} oj12|56 17|08} 8| 5| 5| 5] 55 0| 422 | 3
8 07 9 ! 58 2281141711911 7 5 5 { 5
Serizs ITI.—FroM APRIL 20 To AvgusT 3, 1854,
April 19 6 17 e f o] oo e b oo | wee | e | e
“ 20 6 45 | v | e | e e b b e | e e Lo [ e ] 58 8 | —22| 6
7 13 6|01 ojwel11i16l17]59) 8] 1| 5] 1
“« 2 7 41 TH811° 0131121817146} 10 0 4 b 58 4 —18 T
8 07 7146 1131112105181 18 7 2 4, 0
“ 92 8 35 g8/02]| 1{17{11 |55 17(36|10| 4| 4| 0 57 9 | —-13| 8
8 59 9147) 31711312/ 19}10] 9] 8] 4] 0
“« 93 9 24 gt1y{ 3102|1118 j18i27|10} 71 4] 1] 57 4 | —8] 5
9 [ 47 |19 |17] 4]32]12{53]19|33] 9| 6] 1| 8 8
“« 24! 10 10 9102) 3!32|11}15|18]08)11} 1] 2| 5] 57 0| —~21! 8
10 32 932 4/32}11 22, 18]45) 9| 9! 1] 7 ]
“ 95| 10 54 {..(02| 5;32]1118;19|22{12| 2} 1| 6] 56 | 4 | +3 | 1
11 16 | )] 504 ..ot 18182) ]| 1 B
« g6 11 38 ||| 4]02]. i1 08}l 21 6] 58 0| +81!1 7
12 | 00 | 0/02] 6({32]1246,19/16}12| 0] o] 1 ]
“ 7 102 6471183 ({24119 }09] 11 B 1 0] 55 5 +13 8 .
0 22 0)32) B{02]12!32{17(02{12| 2| 2 2 ‘
“ 28 0 45 5103 o e [ I8 AT ) i | une 210 55 0 +18 3
1 09 1103 7/03]12)18/18}18{11] 6, 2] 0 ~
“ 29 1 33 0(33) 7)83 |1 |[24,18{24{13] 0] 2| 1] 64 | 7 [} 42! 9
1 56 0. 03 5331103 116};00]{12] 0] 1 5 k




46 RECORD AND REDUCTION OF THE TIDES.
Szries ITL.—FroM APRIL 20 T0 AUGUST 3, 1854.
Moon passes | Apparent time of | Lunitidal interval. Height of
the meridian. Moon's Moon’s
Dare. parallax declination
Appar. time. | H. water. | L. water. | H. water. | L. water. | H. water. | L. water, | 80 000D, at noon.
1854. :
H | M | H iM. H M |H | M|H !m Pt. | Dec.| Ft. | Dec.] Min. | Dec. | Degroe. | Deo. }
Aprit30| 2 | 20 { olo03| 5/33|10 /07 (15|87 12| 9| 1| 9| 54 | 4 | +24 | 5
2 | 45 0/33] 511710 13|14 (57|11} 8] 1| 7
May 1 3 | 09 1118] 9/03]10/33)18 (18112} 6| 31 9] 54 | 2 | 426 | 0
3 34 0133| 7108 9[24 151541 9| 4| 3| 7
“« 3 3 | 59 2133] 9103|1059 17120112+ 4] 1] 8| 54 | 2 | +26 | 3
4 | 2 2133! 3.383]10|34]16/34]|10] 3| 4/ 3
“« 3 4 50 3143 9/03}11[23]16/38] 9! 6| 5| 3| 54 | 3 | 425 4
5 15 3103 9/03]10!13}16 18] 9] 1§ 6/ 5
“« 41 5 39 | 438 .1 18] 10 5| .| B4 6 | +23 | 4
“« g 7014 VS VRS VU NOUEN VTN VR T 1 6 | +16 | 3
“ P8 02 6034 0149}10:56)17/35] 8/ 9| 6| of 856 | 4 | +11 | 4
I8 | 25 9!84, 2104f13/32/18/26{ 7! 9! 3! ¢
« g 8§ | 48 $184 110412 0917/ 02]11; 67 5| 2| 57 3| +6|0
9 10 {10119 4]04]13/81|19/39] 8{ 1] 2/ 7
“« 99 33 8134/ 2(04]111 24|17 16111 3! 4] 4] 58 1 0l o
9 56 9fc4! 3l19)11!31]18 098] 9] 4! 1] 8
« 107 10 19 10149 5[34[12 5320 01| 8| 9| 21 o] 58 5 | —6 ] 0
10 43 [12|04 3i34)13!45|17 /38}11] 8| 2! 2
“ 110 11 09 |11(04 4 /34[12121]18 15110 5] 1| 9] 59 7 1 =121 0
S 110 35 [10149 5, 04]11 140,18 21113} 7 1| 3
« 120 12 1 02 |12104 5 49{12/ 29118 40|11 0} 1! o} 60 2 | —17 | 4
Do b e 11034 413841113216 593131 1( 0} 9
« 3130 0 ¢ 30 11049 .. |..]10019 .. .. ]12) 4 .. ..| 60 5 { —22 | 0
L1 00 11104 51910 0416 49)13] 6] 1! 3 k
“« 14 1 30 | e i e e e e L | 6O 6 | —25 | 0
{2 o1 0| 4 61910/ 34{16,49]11| 3] o] 8
« 15| 2 33 0/49, 713411074817 33|13, 9| 1! 7] 60 4 | —26 | 3
. 3 | 05 11491 8119(11 16|17 46(12) 3| 0! 5
“« 16, 3 | 38 0,49, 804 9 44!16:59]12 4| 1] 8] 60 o | —25 | 8
[ 4 | 08 2134 7119110 56|15 41]10f 4! 2| 3
“ 17, 4 | 4 2149] 90410 40|16 ,55]12} 8| 1| 8] 59 | 4 | —23 | 5
i 5 10 | 2/49) 8119]10:08]15 38|10 6] 2! 0
« 18 5 | 40 349‘10549 10139117:39112 5} 1, 8] 58 8 | —19 | 8
| 6 | o7 83149 9190110109115 30f 9| 6| 4| 2
“« 190 6 34 | 5019 .| f1m 12 .l 7). ] B8 1| ~151] 0
I 6 59 6119, oloaf11 45|17 |57]10! 2] 31 0
« 920 7 24 7119 0 /34|12120/18'00) 9| 8! 5| 2] 57 5 1 —9 (7
o7 oar 8134 3/04/13]10/2 05] 8| 7! 31 8
« 921( 8 | 1o | v 34 2, 19(111/47 18 55|11 1) 4 4] 56 [ 9 | —4 ! 0
I8 32 834 23411212418 47| 8| 6] 38| 7
« 92 8 | 55 | &1 04 1/34/11/382(17 2410/ 6| 3, 4| 66 | 3 [+ 1| 6
9 16 9|04 3119|1209 18 47] 9! 8| 2, 5
« 93, 9 | 3 | 8|04 3 /04|10 48)18 0921 B3| 3/ 5} 55 | 8 | +7| 3
L9 59 J10 /19 4 ,19(12 |41]19,03]11| 4| 3| 3
« 247 10 21 8148 | 448110149119 10] 91 9] 41 0] 55 3 | +12 | 4
10 | 43 f11{48{ 411813 27|18 !/1912! 9| 2| ©
« g5l 11 05 |10 18! 503111 (35 18[42|10! 0| 2 O 54 9 | 17 | 1
Co11 28 |11 103 5133|1158 |18/50/10 8! 2| 0
« 260 11 51 12145 510313 171758} 9| 7| 2| 7] 54 6 | 4% | 9
- e 121451 6183}12 (5419 05]12] 5| 3| 4
“« 27 9 15 10481 6 {1810 3318727 9! 7! 2| 4| 54 | 3 | +23 | 9
Lo 39 ..l 4t18] (26103 ]| O] B
« 28| 1 04 | 033 64811 541810910 7| 1| 6] 54 | 1 | 425 | 7
i1 29 0|03 4145(10 /59|15 44} 8| 7| 2| 3
« 29 1 54 | 0/03] 7/03/10!34:17 84|10 9| 1| 5| 54 | o | 426 | 3
2 19 0{48] 7,18]10 |54 17/ 24| 8] 5| 1| 6
« 30 2 | 44 1,03 8:18J10 44 17/59]12) 0] 2| 5| 64 | 0 | 425 | 8
L3 4 09 2 181 6148111134 .16 )04] 8 5| 2| 5
“« 317 3 { 34 | 3{18] 9 18112 0918|0911 | 5| 2| 5| 54 | 2 | 424 | 1
| 8 59 | 2133 8:33/10 59 :16.59( 8/ 5| 3! 5
June 1, 4 | 22 | 2 18] 9 /47|10 |29 /17 /48|11, 0| 4, O 54 5 | 421 ] 4
[ 4 1 a1 | 4l17] 120 ' 0211 |55 17{40]|-81 0] 3| 6
i i
i 1
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Serms TIL.—FroM APrair 20 o Aveust 3, 1854,

Moon passes | Apparenttime of | Lunitidal interval. Height of i
the meridiin, Moon’s Moon’s
- parallax declination
Appar. time. | H. water. | L. water. | . water. | L. water. | H. water. | L. water.| &b 3008 at noon.
H, M, {H M | H |M|H |M | H |M|Ft Deci Ft. | Dec.] Min. | Dec. | Degree. | Des.
June 2 5 | 09| 402 1032111517 |45] 9| 8] 3] 7] 54 1.9 | 417 | 6
5 32 | 4 471017} 211 (38717 ]08] 71 8] 41 8
“« 3 5 54 Joed e ol il o] 91 61 4] 5] 55 5 1 413 | 1
6 16 { 4/02{10102{10/08] 16408 8] 1| 5| 2 ‘
« 41 &6 38 o et wi] e o]l ] 9] 47 0] ] 56 314810
7 00 | 71321120212 5417 |24] 8| 61 5| 6
“« 5 7 29 8102 ... 33102} e f ] 9] 7Tl el 571 21 421 38
7 1 4 | 9102 o{32]13(40/17 32| 9] 2| 4] 7
« 61 8 07 902 1{s2]13{18/18{10]20] 1] 6] 1} 58 21 —316
8 | 80 | slo2] 2)32)11)565/18/48]10] 4] 4] 0
“« 8 54 | 9]02] 410212132, 19]55]10] 2| 41 3} 59 0] —9 1! 5
9 18 902 3{o02{12]08 183211 1! 3| 4
“« g 9 | 44 | 8|o01| 2/47|10]43]17(53)] 91 3] 4] 0] 59 9 | —15 | 2
10 10 j10/01) 2i31f12j17 17]13}11] 6] 1] 8
“« 91 10 RT: N R I e | e e Lo Lo | 60 6 | —20 | 1
11 o7 901 3{01}10]23 | 1|5 ]12) 9 1) 4
“« 10| 11 38 {1001 silot{rwols4e 18| 23f11] 7| 2] 1] e1 1 —23] 9
131311 6lo1f13{53 18 |54]11! 41 0] 6
« 11 0 10 1031 6/o0o1]10]21 18;23) 9| 4| 1| 8] 61 2 1 —2 1| 0
0| 43 [13]01{ 6{31fj12{18 /1821 {13! 27 2| ©
“« 12 1 16 11|31 6{31f10{15 17|48 ]10} 4| 1] 6} 61 1 | —26 | 2
1| 49 |.|i 8l31 w17l 112] 21 0 4
“ 13 2t 21 {..l..] 8]30 w1841 - 07 2] 60 6 | —24 | 5
2 52 1(00] s|ooj10{39)17)39}10) 3} 1) 1
“« 14] 3 24 § 113! 7/30l10{38/{16|38|12, 1| 1| 6] 60-| 0 | —21 | o
3 | 53 0{3 1 8(00f{ 9,06 163610 3| 1| 3
“ 15 4 | 23 ] 2({3 | 9lo0f10,37/17]/07{12] 3) 1| 3] 59 2 | —16 | &
4 | 49 1{3 ) s8io00f 9/07/15|37| 8| 5] 2| 3
“ 16 5 16 | 4] 0 9fasfnnl1n sl 7y 2 5] 58 3 | —11} 2
5 40 2] 0! 9100] 8 l44{15 44| 8] 9| 3] 17
“« 17 6 o4 | 31 01 9,00} 9120/15}2 {11 4} 2) 8} 57 | 4 | —5 1 4
6 | 27 218 (1129 812611725 9| 3| 4| 6
“« 18 6 { 49 | 45911112 1wi32t17|02{10! 2| 3| 2] 58 71401 4
7 11 | 4159115911010} 17110{10]| 5] 5] 6
“ 19 7 33 5159 .. 10 | 48 10| 5 ..]..] 56 0 +6] 0
7 54 7120) 1/29]11{56/18]18§10} 0] 4] O '
“ 20 8 16 71569, 2/14]121 05118141} 9] 9| 5| 2| 55 4 | 11 3
8 37 9 29) 3/29{13/13/19|35}10] 5| 4| 4
“« a 8 59 8159) 2/ a4]131 22|18 28] 9 4] 5! 8] 54 | 9 | +16 | o
9 | 22 | 920 2/569]12!30 18 |22)13] o 3] o0
“ 220 9 | 44 | 9ol28| 258112106 (17|59 9] 9| 2| 9| 54 | 5 ] 420 ] 1
10 | o7 1013 4!58}121 201193610} 6] 3] 8
“ 23] 10 31 9 (28| 358111 /21 (1814} 8] 5{ 3| 6] 54 | 3 | +23 ] 2
10 55 {11 /28| 5143|1257/ 19(36|11{ o] 2] 9
“« 24 1 19 121138 4728|183 18{17|57] 8| 1{ 3| 6| 54 | 1 | 425 | 4
11 44 j10|568) 5/28]11/39118/33§11) 3] 2] 0
“« 95| .. oo (1158 458812114117 ]39) 8| 3. 2| 4| 54 | 0 | +26 | 3
0 10 o {..| 6|58 v | 19| 14 .| 8] 1 ,
“« 28 0| 35 1|13} 4|58)13}03|16i48)12) 11 2] 0] 53 | 9 | 426 | o0
0 59 0|57 e6(27fl12|22/17)52] 9] 9| 2] 4
“ o 1 24 1 . | v 4 57 W 1151581121 3] 11 9] 54 0 424 8
1 ] 49 0{27| 7i27}11/03118|03} 9] 8} 3} 0 :
“ 28| 2 13 | of|57! vis7|1iiosi1sios{11| 4] 3| 2] 54 | 2 | 422 | 1
2 | 37 057 71271101 4417114} 9| 21 2] 5
“ 99 3 00 1012 7is7]1013)17)20{11] 4} 3] 6} 54 | 5 | 418 ) 6
3 | 24| 1{42) 6i27{10|42115 |27} 9 1| 21 o .
“ 301( 3 | 48 327 s8{s7{12]03]17(33{12| 3| 3| 9} 54 | 9 | 414 | 3
4 | 08 0)12) 7/27] 812 /15141) 91 4] 3| 8
fduly 1| 4 | 30 | 4l42( ols7{12 (34 1740010 6| 2| 6} 55 5 | 4+9 | 4
; 4 | 62 ) 457 8|71zl 2rl16lar] 9] 8] 51 0
“« 21 p 12 | 312 |10]41f10|34 |27 {49120 7} 21 2] 56 2 i 4+44{0
5 33 | 5|2 |11 {26]12]14/18)34] 7| 3] 3| 8
“« 3{ 5 55 | 4 {11110 26]10 {38 1653} 9| 1| 4] 8! 57 0 L —11 973
6 17 512 ({10566} 1121|17]01)] 9] 8{ 6] 9 ;
4 6 | 39 6 (411111112 24 36 54)10] 2| 4] 4} 57 9 | —71 5
7 | 02 Ls 56J ...lm 7] e | 9] 8| ] o
_




48 RECORD AND REDUCTION OF THE TIDES.
Series 11— FroMm APRIL 20 To AUcUSsT 3, 1854.
Moon passes | Apparent time of | Lunitidal interval. Height of ’
the meridian. Moon’s Moon’s
DirE. parallax deolination
Appar. time. | H. water. | L. water. | H. water. | L. water. | H. water. | L. water. at noon. at noon,
1854.
H ’ M |H M B |M |8 |M|H|M] P De. Pt |Dec.] Min. | Dec. | Degree. | Dee.
July 5| 7 | 2 { 6/56, 0o[2 [11|54({27]4a7|20{ 1| 6| 5} 58 | 8 { —18 | 1
7 | 51 | 7|56 1l26]12|30 182410 6] 4| 3
« ¢, 8 | 18 | 7141 1\s6l11)50]18{30| 9| 4| 6] o 59 | 7 | —18 | 3
8 | 45 | 8i56| 12|12 (38|17 {3 ([11] 2] 8] 9
“« 7l 9 | 14 ) viss| 2 55111071837 9] 2| 5} 6] 60 | 5 | —22| 5
| 9 | 43 3110 .| w1182 .. 5 !l 3]0
“ 81 10 | 15 e I P A A
10 ] 47T e Do o e f e e L b e e ]
“ 9 1 20 (10140 4{40{11({53{1825( 8| 5| 2! 4| e1 | 4 | —26 | 3
11 | 54 1140 4i25¢{12]2 (17 |38[12; 5| 1| 2l
“« 10| .. oo {12055 5125125118 05| 8| 4| 2| 2| 61 | 4 | —256 | 4
[0 | 27 [11]55] 5 101112817 /26]18; 6| 1| 2
« 110 1 | oo {1212 | 6l25 |11 |25 /17 (58|10 1| 11 50 61 | 0 | —22] 5
i1 1 81 (12!55( 61011 (24]|17/10{131 3] 1| 2
“« 12 2 | 02 [11 )40 6|55] 9(38|17/24(10! 1) 1] of 60 | 3 | —18 | 3
o2 8 el 710 1T OB e 12
“ 13) 3 | 00 { 1i10] 7140108917 /0918 6] 1: 0f 59 | 5 | —12 | 9
P8 ) 26 | 1725 71565)10125]1655]101 0. 2 4
“ 14! 3 | 52 | 1/55] 9{10{10 |20 17 44{12' 6 1. &l 58 | B | —7 | 2
[ 4 | 156 | 2124!| 8{54l10(32117102| 9, 2] 2 5
“« 151 4 ! 39 o L e e e e BT 6| —1 ] 2
S 8 R T - N (RPOOR B BV JUUR VR VU RO 410 | 2
OB * S R - S SNOU VU NUURN AU HUURN UORS RVPO ROORS TR DR ROV NOORE BT S B T L 5 T |
7 ! 16 | 7124 1124(212{31{18[53] 9 2| 4 8
“ 19 7 1 88 8§ 541 .. .. |183[38] .. ..} T 61 4 6 54 | 7 | +19 3
8 Lol | 839 1/24({13]|01{18 08| 9. 3| 4 4
“ 2] 85 | 24 | 954 21391135819 01| 8, 7 5. 6| 54 4 | +216
T I T S - (O (O DU N R e
« 27 2 1 04 | e b 415 | 3
« 28l 02 09 L e i e L s 88 2 ] 10 4
2 i 48 1054 7 (54111 28 ,17/28] 8 61 2 0
« 290 3 1 09 | 2/54) s8i09(12)06 |17 {20{12 o0/ 1 7| 55 | 7 | 45 2
2 0 3 ) 31541 854124517 {45]21 3 3. 2
“« 301 3 | 51 2,00 8, 24/10(39 165410 1 3 2| 5 | 3 | —~0 4
4 | 13 | 254 &8 2411170311633} 9, 2 4 1
« 310 40 8¢ |l 10, 6, 4 o) 56 9 | —6 1 1
4 | 56 | 2,39 9 39]10(0517/05] 9. 0] 4 8
Aug. 1 5 119 | 312410 :39(10(28;1743( 9 3, 4 4| 57 | 7 | =11 | 6
5 | 43 4139) 9,54 111({201{16{35}{10: 5! 6 1
“ 20 6 07 | 475411091111 ,1726{30, 5 4 51! 58 | 5 | —16 | 8
6 | 32 | 5 54| | (11147 | 90 B
U 6i59 5f54!03’54 112201847 8. 81 5 7| 59 | 3 | —21 | 3
7| 21 8524‘,1}09 1325 (18|37 9 4, 3 6
! i i H i
Ser1Es 1V.——FroM SEpPTEMBER 7 T0 OCTOBER 22, 1854.
Sept. 7. 0 | 23 |l oo el ] B9 | 3 ) —8 | 7
0 | 47 |11 2.0 ..]10015 ) .| ... L2 5t
“« g1 12 |11 2, 5320 9 50 16/45/14. 0 —1| 7| 58 | 5 | 40| 5
1 36 [t | 8:02] . 2850} 0] O
“« 91 2| 0 132! 8i02(11 ;56 18,2033 5 1| 0] 57 | 7 | 46| 6
! 2 | 24 | 1132 7(32|11,3/17|381]14] 0:—0| &
“« 10: 2 | 47 | 1,03 7 33[10:39[17({09}13] 0\—1}) o] 56 | 9 | 412 | 3
! 3] 10 | 2/03{10 0311 /1619164211 | 0| 1} 0
« 11, 3 | 33 | 2133 8,33f{111/23 /17]23}/12 0, 0] Oof 56 | 1 | 417 | 2
D08 0 5T el 9703 .1 .. 117]380)10] 5] 1] 5
« 12, 4 | 22 | 2104 8l03]10, 07|16 106}124| 0] O} O 55 | 4 | 421 | 2
4| 46 | 2l0o3| slo3|1la|15]4a1{10] 0] 0] 0
« 131 5 {11 | 3/04| vio0a{10]18 )24 |18]10! 0] 0] 0| 54 | 8 | 424 | 2
5 | 35 | 3[34| 8!04010/23]14 (53] 9] 0} 8, 0
« 141 6 | 00 | 204 .. o] 812 ] T 0] B4 | 5 | 426 1
“« 15 6 52 <426 7
CT 17 |
i u
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a :
. ' ; 1
Sgrres 1V.—Frou SepreMBER 7 To OcroBen 22, 1854.
Moon o8 Apparent time of | Lunitidal interval. Height of
i the mmn. ppe & Moon's Moon’s
DaTE. : parallax declinstion
Appar. time. | H. water. | L. water.| H. water. | L. water. | H. water.| L. water.| 8¢ noon. © st moon,
1854.
; H M |n'yln : M. |H | M. | H | M. | Ft. |Dec.| Ft. | Dec.] Min. | Dec. | Degree. | Deo.
Bept. 16 7 43 e | e 11085 . .. 1618 v 5 0 54 2 +26 1
g 08 vee b e e L ovee e owwe e e | 10 0 o} o
“ 17 8 34 706 1!36]11 58|17 (53} 91 0| 5 0] 54 3 424 4
8 58 8 06 0 06}111 3215 |58 ] 10 4 5 0
“ 18 9 22 4:0671...1...1191 32 9 0 5 0 54 5 +21 | 5
9 47 10 ! 06 3061121441181 081]12 0 5 0
“ 19 10 09 8 | 36 4136110149191 141}130 0 5 0 54 9 417 7
10 33 11 | 08 6:06}12| 571201912 6 5 0
#® 20 10 55 5,074 ... ... |18:581% ..].. 2 0 55 3 +13 1
11 17 11 | 07 410711211217 384} 13 0 2 0
“ 21 11 39 11 07 5107111 }150{18 |12} 11 5 4 0 55 8 e 8 .
11 07 310711128151 50114 0 0 0
“ 22 12 00 5107 .| o 1712870 o0 | oee 2 0 56 4 4 2 2
0 22 0 07 5107120717 07113 0 1 0
« 23 0 45 1, 08 608 112] 46|17 46112 0 | —0 7 56 9 — 3 6
1 07 0! 08 6138111 (231753113 0 0 0
“ 24 1 29 1,08 7i08})12101}18 /01|21 0} 2! 0] 57 4 -9 5
1 52 0] 08 710811039 {17 39|13 0 1 0
“« 25 2 15 2|08 8, 08]12| 16 |18 |16 | 14 0 Q 0 57 9 —14 9
2 39 108 8108110} 53117 |53 1]13 0 0 0
“ 26 3 06 109 7:09]10430]16 30{13 0 0 0 58 3 —19 7
3 32 21 09 8109110317 !03]13 0 0 0
oo 3 59 2109 81091037116 37112 0 —1 0 58 [ —23 5
4 27 309 8091111101361 10{123{ O 0! O
28 4 56 3109 8109|1042 )15 42|13 0 1 0 58 9 —26 0
5 25 409 9]109}11113{16 | 13 ] 12 0 2 0
“« 29 5 57 21101010 845116 | 45| 10 0 2 0 59 2 —26 8
6 28 4110 911011013 {15:13}|11 5 3 0
“ 30 6 59 411011 [ 10] 9|42 |16 | 42 9 0 3 0 59 4 —25 8
7 30 5140112 10§10 41 /17 111110 0 4 5
Oct. 1 SOV ERVUURS RRUOURRS VUV NVOUR SNOURNE IPOTUN UU BUOR RNUUR VUV OURS B 0. 5 —23 3
“ 3| 10 20 —14 2
“ 4 10 45 9141 ...} ..111 {21 | ..]..110 0 .| wee 59 0 — 8 3
11 10 11 11 414111226 (18 211}14 0 0 0
s 5 11 36 12112 1. 4711113702 |17 26113 0—1 2 58 6 —2 0
11 59 11 | 42 5112112106 118102114 Q -2 0
“ 6 0 22 11214 12 511211213 |17 | 36 ] 12 0 |1 0 57 9 <+ 4 3
11 | 12 7112110150119 13114 O |—0 5
“« 7. 0| 46 |.. || 6/42] ). {182 ||| 2] O] 57 | 3| 410 2
1 09 01127 514211126 ;16 56114 0 0 0
“ 8 1 33 0112 8 12111103119 ,03114 O0{—11{ 0} 56 6 +15 5
1 57 043 7131111101740} 13 0 0 (i}
o 9 2 21 013 614311016 |16 |46 ] 10 0 0 0 55 9 +-20 ]
2 45 2113 8118111 5621752114 -0 0 0
“ 10 3 10 1113 6.:13110,28 {15128} 13 0 0 0 55 3 423 4
3 35 21131 8{13111{03{17{03114! 0 0} 5
“« 11 4 00 1)13 8113 913811638} 10 0 0 0 54 | 8 +-25 7
4 25 1713 8113 9{13 1613} 14 0 2 0
€ 12 4 51 2113 811311048 |15 |48} 14 5 2 0 54 5 +26 8
5 17 3144 9:14]110:53|16(23{14| 0| 4| O
“ 14 6 58 . " . b4 3 425 3
“ 15 7 23 111144 ... ] ... 16118} 10 0 3 0] 54 4 +-22 7
« 18 g g'{ 8114 11 [ 14]12 (51 |15 ({51{10 © 5 0
O [RUOVE R RO R T R s 54 8 19
“« 17 8 57 j10| 15 311511341119 14110 0 3 0] 55 2 414 8
9 19 10 15 3[15{13 (18 |18 41} 11 0 3 0
“« 18 9 41 9115 311511156 118118111 0, 3 0 55 7 + 9 7
10 02 9115 3 45111 )34 (182612 0 2] o
“« 19 10 24 9715 4|15]11{13 |18 |34}{12] 0 0] o} 58 4 4 4 2 %
10 46 e ] e P 31451 .| ... 17143112 0 1 0
“« 20 11 08 11115 511512129 {18 |51]12 0 1 o1 87 1] - 11 8
11 30 12415 4115113{07 ;1712911 0 ] 0 |
“ 21 11 53 111 ] 45 415412115 17107112 0 0 0 87 7 -7 8
e .. 111 15 511511122 117 45112 0 0 0 [
“ 23 13 17 1111456 1 -44151 11128 {16 1224131 0| 0] 04 68 | 8 | wdB o
0 41 (11745 5 15111 /04 16 58113 0] o 0} S
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The second form, or Table No. 2, for reduction of tides, is specially arranged to
obtain the establishment and the half-monthly inequality in time and height. The
first part is arranged in reference to the observed high waters; the second part, in
reference to the low waters. That the inequality in time and height should also
be made out from the low water, is specially important for stations where either
the observations are of short extent, or else where difficulties tend to render the
observations less accurate. The discussion of the low waters could not be omitted
in our case. The headings to the columns of Table No. 2, explain the arrangement
sufficiently. The results from the upper and lower transit of the moon are kept
separate. (It need hardly be remarked that, in certain months, the sun’s or moon’s
lower transit can be observed at Van Rensselaer Harbor.)



BECORD AND REDUCTION OF THE TIDES. 51 ‘

TantE vor THE REDUCTION oF TipEs.—No. 2.

Bhowing the Interval between the App. Time of the Moon’s Superior Transit and the Time of High
Water, and also the Heights of High Water, at Van Rensselaer Harbor, from Four Series of |
Observations made between October 18, 1853, and October 22, 1854, - 1

»
0% to 1% 1% to 2, 2b to 3%

Moon’s | Lunitidal 4 ¥ | Moon’s | Lunitidal 4% | Moon's Luniﬁdn{LE T E

transit. | interval. | Heightof |- % 'E | transit. | interval. | Heightof ., 5 | trawsit. | interval. ¥Heightof| B'L

— e fomee— | H, willbor, _E_; —— e} | H. water. E: —_— e | H. water. ﬁ;

App. time. | H. water. ,,: 2 |App. time.| H. water. .,Z 2 |App. time.| H. water. “:‘. g
- o . ]
B M H| M| Fu el 55 | B { M. | H | M| Ft|Dec. SE|m | M| B | M | Pe|Dee| S8
0(57)..1..012¢ 8 1{40|11{3512] 4 212 (11120 |11} 9
ol19 1058711 6 1/16]12]00]11] 8 2116|1100 1T 6/ ,
021120913 6 L 110711723113 0] I, 214411 1001131 0 )
0(53/11117] 9| 5 10/55111{2 12| 1 215811034/ ... ..
0(30111(4912| 8 1/58{11(12| 9{ 4 : _—
2451120111 1
0fo1|12{16 11| 9 1jo1i11{15| 9| 0 2.2 /11]32 13| 1
0l10(11/065{12] 6 1(5{10|5L| 9 7 210911110912} 0|
0|58 /11148 131 6 11411132 |12) 9| , | 2/53|11110/10] 6 .
of33/11]14/10] 3} m. § 1122|10|2 {12 4 g2l02|..]..110] 4
0120010521129 7 1115112{06) 8| 4 2152 {11]00) 9{ 5
007112 33]12| 0 1136{12,0 {11} 5 1
0521130312 5 E— - 2,45, 10133 (121! 6
: 1/09;11:24113] 0 ) 2133111 (1612} 3
0{30 10 1912] 4 1/56|10/07]12] 9 211910 4412 0
039 |11/54]10] 7 1(3/10]/3¢f11] 3 2:21(10|39 10| 3] I
of{10/10/21] 9| 4, L. | 1{29 /10{34]10 ] 9 1L | 2.37,10/35 11} 4
010 (13|03 12| 1 116101510 4 ' 2,02] 913810/ 1
0({59]..|..112| 3 1{49 {1108 ]11{ 4 248 120812 0
- 1jo0 {1210 1 S
012211214612 © 210111113114} O
0146|111 2614 0] IV. 1112 9150{14} © 2147111716 | 11 0 Iv. |
04111104 23] 0 107 (12/01 /13| 0| ;o | 2139103013} o :
1i52{12[16114] © {z2l21l11(s52{14] o
1 | 33/11]10[{13] © i
MEANS.
0|20 |11 40 ! . ‘ NEEETIN I f 99 /11 12 ]| 22| 2ls2l11]oa] ...
0|31 .. i w1201 l 20 | 120 1| 6| 22 | 2 i 29 | .. ]11] 8
| !
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TABLE ¥ForR THE REDUCTION oF TipEs —No. 2.

Showing the Interval between the App. Time of the Moon’s Superior Trausit and the Time of High
Water, and also the Heights of High Water, at Van Rensselaer Harbor, from Four Series of
Observations made between October 10, 1853, and October 22, 1854,

L
3" to 4% 4" to 5. 5" to 6N
{ ) i
Moon's  Lunitidal | 4+ % | Moon's )Lumhdul{l &% | Moon’s Lunmdali ) &%
transit. | intervsl. 11He1ght. of| 2% transit. | interval. ‘Helghtof EE transit. | interval. lHe\ght off BE
—_— o ' H.water.{ 2= | o | H.water.i 2 ® ‘2 H.water.: =
. | €% . {22 | %
App. time. H. water. | w & App. time. H. water. i o @ App time. H. wuter.g \ e
- — ‘ - - { ' - [ e o | =
H M H M | Ft. Dee. S [H. [ M. |H | M | Ft(Dee.! S |H | M H | M| Fe|Dec| S8
3 1212 03117 1 4;00{11§16 9| 9| 5142112 04| 9 7|
3 19, 957110, 1 4 51{11)2 10| 4 5193.10123¢ 8| 2|
3 84 10 4011 5} 1. | 422 11e3q;9;1;1 5014 10 20 10) 1]
3.05 10 .51 81 3 4124110 20,10 71 & 510010309 6} 11 *
3146 1110110 4 403 10136 91 1. 5152112 46, 6 8|
A NSNS S 4,32(11 .14 11 5 50171114 11 6!
3.32 122910 0 — —_—
3014 ... ILDT] o f 41260110450 81 5 51001146 9 21
3038 11 2 111 1 "] 400 10 16]20) 2° . 51431123310 5
3 44 10753 10, 7 4149 1012710 71 % 5142 .10 04 110 7| g
— —— — — — —— 1 4 {23 11,25 9, 21‘ 5109 11100101 5 ’
3341105912 4 i e e 5156 10153 8 8
3,38 1056110 4 4125 11 12 9 6 5 3612, 06 9 7
3 09:12:09:11. 5 441,10 08110 6 , ‘ — e
31501019111 0 4 471115} 9! 8 5 1511 18 (10 5
3,24 9 06100 3 1L [ 4 230 9107 8| 5] . 5 40 110:09| 9 6
324 12°03112, 3 408 12 34|11, ¢ 1B 32 Ll o 6
3.00 10,2510 0 4,52 10134111 7 5 16, 8 441! B! 9 :
352 10:32° 9. 2 413 ... b 1100 6! 5 °33°10:38] 9 1
3 30 1039 11 1 456 10 38| 9, 3| 543 11,11 10 5
3 33 .. l..110! 5 4122 11741010 0 511 .10 23| 91 0] [y
332 10 371120 0L IV. | 4 27 10 42]131 0] o 5 25 8:45 1104 0 :
3,10 11 .03 14} © 4100 913 14|0 . o j
1 4511053 14} 0 o Lo
! | \ | !
MEANS
) [ f ; ; [ : : |
3.80130 57 . i 10 | 4,27 10 52;...!...! 21 5 27 10 53 |l 19
329 ... ..110, 9. 21 4 27 ...,...,1015222 5 27 .l 9 5‘120
The highest and lowest value of The criterion rejects no value of
the interval balance nearly. the interval, the two high and two
low values balance nearly.
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TABLE ¥or THE REpucrioN oF TipEs.—No. 2

Bhowing the Interval between the App. Time of the Moon’s Superior Transit and the Time of High |
Water, and also the Heights of High Water, at Van Rensselaer Harbor, from Foar Senes of | ’
Observations made between October 10, 1853, and October 22, 1854, ]

| .
62 to 7. " to 8~ 8" to 9.
Moon’s | Lunitidal 2% | Moon’s | Lunitidat 8% | Moon’s |Lunitidal| e s
traneit. | interval. | Height of g % | transit. | imterval. | Height of E g | tramsit. | interval. | Height of E 8
e H. water.| 20 |————|— | H. water. %,; e | H.water.| 2.
o k-3
!App. time.! H. water. - ] App. time.| H. water. o E App. time.| H. water. b § :
2 N ; - - . 1
H | M |H |M | Fu.l|De| S€ |5 | M. | H. | M. | Ft Dec.| 52 |H. | M | H | M | Fe |Dec.| 55
61286113 45| 8| 0 7261233 | 6/ ¥ sl2a|11|51| 7] 9
613213 441 B8, 5 712211324 9| 2 81111235 9 8
6 .21 110 55 71 8 7114712102 81 1 I 8159124710 | 8
61011042 9 9 1 7134112310, 3 : §102112144| 9| 8
648 111 | 55 91 5 * 712211311511 2 848113 13| 8| 5] L
638111 |45 7 6 713411 56 7, 3 812011207, 9 9
610110 29 8 8 i e 810411333111 1
6. 47111143 9| 3 Ti14 (12,32 9. 4 8146 13 05 891 5
_ ; 7/40112 (06| 9 1| | 8 23|11 (51] 9| 2
6 28 |13 448 g 9 B I 7142112 | 41 8 5 )
6l27|12for! 8| 8] ™} 7117|1256 8| 5 810213 59| 9| 5
—_— N S S ; 8150 |13 125| 9| 7
6145|1116 8 1 71411121 05 71 2 8141112105 81 9 IL
6!3¢411145110] 2 713 110|56 | 8. 9 812811321 91 9
61161 .. | ... 9 4 712411310 8 7 8 142|138 | 57 9 2
6 04 8 | 26 9 3 I 710011302 9 7 e
6:49]10110 10 & * 71441318110 1 IIL 813 [13{12; 9 8
6,17 12124110 2 7133]11 (56101 0O 812511209 11 5
615311231 9 2 710211154110 1 810112 24| 8| & 3
61321122, 8 8 751111 {50] 9 4 86611209 9 8 101
—_—) 1 7 138113} 01 9! 3 813011232 10| 2 *
6128 9142 9 0| IV. —— — 818613113110} 5
7143 ...} ... 110 0 v 815911230413 0
71231125110 0 . 84511110 9 2
813411 3210} 4 v. |
85711318111 © *
MEANS. .
6lsoimlas | .l 18] vlaslaalas].. ] 20| 83212 4 2
6129 ... .. 1 ] 1 19 7129 } 9 1] 21 8, 32 z con | wee 5| 9] 24
Peirce’s criterion rejects the value ]
8b 26m, new mean—
6|3l’11]451‘..‘...l 17
1
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TABLE FoR THE REDUcCTION OF TIiDES.—No. 2.

Showing the Interval between the App. Time of the Moon’s Superior Transit and the Time of High
Water, and also the Heights of High Water, at Van Rensselaer Harbor, from Four Series of
Observations made between October 10, 1853, and October 22, 1854.

; ; H i
i i
i [ | i |

9" to 10™ 10t to 110 ° 11® to 12%.
Moon’s | Lunitidal & % | Moon’s |Lunitidal + % | Moon’s Lunitida.l[ 4%
transit. | interval. | Heightof; 2T | tramsit. | interval. | Heightof| 2°g | tramsit. | interval. , Heightof| T
_ | H. water. | g = H owater.| @ {— | H owater., =
£ = o S
App. time.! H. water. < & |App. time.| H. water. ; g |App. time.| H. water. %’ 2
TS el
H ;M. |H M |Ft Dee: .2 |H | M. | H | M |Ft |Dec.| 5 | H. | M. | H | M. | Ft. Dec.! -2
912112 147 91 1 10702112112 9} 8 11 126 1312 1 50 1 12 2
914712 59 | 111 4 1013611210 11 7 11 137111 {5313, 3 1
9.31112 30 11} 2 1011311210311} 5 11150 112121 |10 8 *
9 0312 04|11 2 L 1015411 51112} 7 1 11 141 |13 123 | 13| 2
9158113 13112 5 1051112105 20| 7
927 113 39, 8} 9 107101122511 © 11 1321111231111 5
9118112 10 9} 1 101541121112 5 11 141112106 11| 31 1L
—_——— —_— 10 116 112 {4210 6 11719112106 10| 9
94112 34| 9, 2 | e s ~ —
9 45112 ,32, 9. 7 I 10 l 58 113119 110} 6 11 138113 1241111 5
911811313210 6 1103211311310 5 I 11 13511229 ;11 0
9139|1215 9 6 10145 112102]10] 4 T p11 0056111 158110 8
— 1013111253 |11} 4 11 151 11254 12| 5 IN.
92411253 9 6 — 11 ;0710 5411} 7
9110111124111 3 1010111 )22 9} 9 11 /19 |11 139111} 3
9056|1253 8: 9 . | 1043112121 10, 5 11 /5412 (51| 8| 4
91338124111 4 {1021 113|127 112) 9| IIL X
9:18 ,10: 43, 9 3 10 31 112157 (111 0 11 139 |11 128 1 14| 0
94412 29|10 6 10 0 47 |11 {53 | 8| 5 11 110 113 102 13| O
— — — 11 159132713112 0| IV.
912212 4112 0 v 10009 11257 112 6 11 08 {13:07:11| O
9 ‘ 4111134112 0 1105512112113 ] 0 v 11 53 111 ;22112 0O
i | : 1020 111121110 0O : |
1, | i 10024 ...] .. 111 0 |
| ; !
MEANS
. ! ] t i i ] : : ; : I
93112 30| . o 18 10%32312‘235...i...{20 11,32/ 12 17%«..}...119
9 31 .../ 100 4 19 [10]31 .! . 111; 1h21 (11082 | 111 T | 19
| : { 4 i B i

The value 10b 43 is rejected by
Peirce’s criterion, and there is no
corresponding high value to balance
it; the new mean becomes—

9| 32 112 | 36 ||| 18
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L]

Tasix ror vHE Benvorion o Troes.—No. 2. ‘
Showing the Interval between the App. Time of the Moon’s Inferior Transit and the Time of High |
Water, and also the Heights of High Water, at Van Rensselaer Harbor, from Four Series of
Observations made between Qctober 10, 1853, and October 22, 1854.
0" to 1% * 1t to 2%, 2% to 84
Moon’s | Lunitidal & & | Moon’s | Lunitidal 4% | Moon’s | Lunitidal 3%
transit. | interval. | Height of ;E transit. - | interval. | Height of | ¥ 5 transit, | interval, Height of E-';:,
H. water. ,§ = H. water. E s H, water. gs
App. time.| H. water. % g |App. time.| H. water. o 2 |App. time.| H. water. e8
- - S u ©m
-] - &
H |M. | H | M |F.|Deo S5 [H. |M |H | M |Ft|Dee §2 [H | |H | M| P |Deo) S8
013 /1111010 7 1181111211 5 2102111311} 5
048 11 128 |14 3 11461114514 2 2148110142} 9 9
014411 101{10, 9 I 173111114133} 7| L 21201101541 9| 81 1
07211150112} 8 * 1125111145 |13 6 2130111125112} 8
010611 58,121 5 144011119 o0 | ot 2184 /11120 ..1..
0155|1139 7| 5 —_—
1127111149113, 9 2120110156113} 7
0]3 11|31 13] 3 1(21j11{10]11] 8 21061010113 ] 1
033,10 1210 6 114511114712} 9 i 2156111212512 6 IL
007 11 ;40112 7 138111158112 0O 2131111702113 o
0571113513 01/ IL 1:14110{46131 5 2126111126112} 1
0061215111 2 1589115713} 0 .
05211114410 5 2120110113 111} 3
01291121114} 5 113311073012 0 2101110148113} 9
X 110011010413} 6 21441111341 814 5
ojo00l12i32!12] 2 1i04/10/59} 8| 7 215211038 {12| 1| IL
0450121811 6 1541054, 8¢ 65 IIL 2113110447 9| 2
0]0211{33,;13| 1 17497 .. ..1121 2 213111039113 6 p
011511033 9| 7| 1L | 12411 03} 9 8 2126|1128 8| 6
0431121813 2 1{31]11}24113} 3
03 112122, 9 9 2124110139113} ¢
01271112813} 6 11361115613 5 2115|10{563113| 0} IV.
1{29/10{389(13] 0 v 2145 10,28 113 ©
014711011514 5 1:09(11103{14; O ®
00012107 13 O 158711016 |10, O
014511112313 0] IV.
0/22)10 50,14 O
01711128 13| ©
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RECORD AND REDUCTION OF THE TIDES.

TasLE ror THE REDUCTION OF TiDES.—No. 2.

Showing the Interval between the App. Time of the Moon’s Inferior Transit and the Time of High
Water, and also the Heights of High Water, at Van Rensselaer Harbor, from Four Series of
Observations made between October 10, 1853, and October 22, 1854.

3t to 4, 4* to 5, ’ 5" to 65,
S T _} : }
Moon’s . Lunitidal | I &% | Moon's Lunmdal | &% | Moon’s |Lunitidal &%
transit. | interval. )Hﬂght of! 2 | transit. | interval. | Heightof E'L | tramsit. | interval ,\Heigbt»of Ex
cimen | o —  H. water. r, E; _~_~_,’ . H. water. | _%; — — — | H. water. ‘%_:
, ! v ;
App. time.: H. water. ; | % g App time. H water. t I .‘2 & lApp. time.| H. water. "OS g
R et B ; ¢ Cm |l > -
H | M. H |M|F. Dee| g2 | H | M H]Mgm'nec.i S2 | B | M| R | M| Ft|Dec| 28
336 9139 10 5| 41250105110/ 3| 5(1610(15] 8| 7
3150 ;1056 13, 0! 45211 54;10 91 515210139110 7
3/09 103 9 1| 4149 10 00 7| 4 508371320361 7] 1| L
359 10 3068:‘0{‘ 4131 1108 11 1? " 5126 10| 58 |10 3
3132 101371130 7| 410910 53?}11 6! 5139 |11} 52 7 5
3122 10‘\553\10191 454111 37!}9 1 S— B
— — el 521 |11 |55] 8] 9
3,08 11{38i12 9! 4138 11108 8 6 ! 51161103010} 8| y
3154 10 52’10:6i 4124 105211 3 51321 11| 47 9 6 -
3737 1124 10 6. 1L 4100 10 )48 ;11 1) IL 5171110 46 9 3
3115 11003 101 9. 414616117110 11 IR A MU S
318 11,04,12 31| 412 /121012 4, 5110(10 139|121} 5
SR S I el 5091138 7] 8
31090 9l24] 9 4| 41501013109 1/ 515410108 | 8¢ 1
3469 101(34 10! 3 409 10 40"12’8!: 5 | 40 920! 11 4 { IIL
3105 944 12 4] 422 11 55]8102111 511212114 7] 3
3134 10 59 85 5 449 l1a il 7, Mt 5511 ]21) 9 8
3183 10 87(12' 8. ;. | 4130 12(27] 9| 3] 50190112 (10 5
3100101421 9 1, ] 4[34/10(0] 9] 0, e | —
346 825, 9 4 — e — ] 5135 | 8120]| 7| 0] [¢
3025 102012, 6| 414611018 120 0 5(57(10|13[11] 5 :
3}09:12545211@3} 4156 ;1113 ;12 0 IV.
3551 03] 9, 21 4 25110 43&14 5 E
3010 1123 11 0] > ; }
3157 1007 14 0 ; f | { .
3106 11 03 13 0 IV. | ‘ ! ;
3059 11,1013 0 3 { ; *
3,35 9135 10 0 { | | ; 2
! ‘ ! ! ! i ; !
MEANS.
3 31 10{4();.‘.:5...!26 4 3 11 000 .. .. 2 |5 3] 10356' o] 18
3131"}'“;11‘11526 41;33;.5 10 5520 302 ; 914 18
The two greatest deviations from The criterion rejects no value of
the mean, viz., 8" 26m and 12h 45m, the interval; the low value 8t 29=
nearly balance in the mean, hence is 80 near the limit of rejection and
no value was rejected. not balanced in the mean that I
prefer to reject it.
5|30 11 |o4] . |u] 17
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Tapre ro THE REnvuerion or Tiogs.—No. 2,

i Bhowing the Interval between the App. Time:of the Mooun’s Inferior Transit and the Time of High §
| Water, and ‘alse the Heights of High Water, at Van Rensselaer Harbor, from Four Series of
. Observations made between Qctober 10, 1853, and Qctober 22, 1854.
6" to T2, 7™ to 8. 8" to 9"
Moon's | Lunitidal &% | Moon’s | Lunitidal 3 ‘E Moon’s | Lunitidal A%
tramsit. | interval. | Heightof| £T | trausit. | interval |Heightof| £ | transit. | interval | Heightof| BT
H. water. EE I — (H.water.| 2% | | H. water. £:
App. time.| H. water. .; g {App. time.| H. water. 2 & |App. time.| H. water. ; g
w Cw
S8 é 8 S .é
H. M H | M Pt Dec. g | H.{ M. | H | M, | Ft. | Dec.| ¢ | H. J M. | H. | M. | Ft. | Deo.| g
6 (57 11116 9 2 7154111149 9} 5 814711214210} ©
80711054 71| 1 714612130 8} 1. 8|35 91 3
6571121491 7| 0 718811153111} o0 8125113121110 7|
6148 (11|58 (10] 4| L 7111112137} 8] 8 1 8144112 58110| 9
62|13 48| 8| 5 715611246 9| 4 B 8127112 42| 9| 2
614113139110 ¢ 7142112125 11| 8 815012138111 2
62411236 7 8 711071250 81 0
715911213011 5 8126|1249 6 7
6106111110110} 7 : 81101140610 7 Ir
6181 113|100 7| 2| 7138{11153] 8| 2 8153({13 (57| 8| '8 .
610111 41 6 9 * 7111112412 9| 51 IL 81121114210} 2
6152 141061 6| 7 714111417 71 5
8107111156110 4
610711111211 7 7131121810} © 8159111118110} ¥
6169112120 9 8 7147111 (4711 1 8,02(13 (32| 7 9
613812 | 54 8 [ 71221131 40 9 2 8748113 31 8 1
6127110(32,10] 2} IL 7{11 10 {48 /10| 5{ IIL 8132111 32{10 6 1L
6|39 (12}17 9 8 71564121 05 9 9 8107115510 4 )
6107 11|47 9 b 712611230 107 6 8541121068111} 1
61{59,13/2) 9, 4 71161338, 7] 6 818711222, 98 4
— e 81811238 {11 2
61569 10/41 10, 0 v T R . Iv. 810111353 8| 7
6|58 .. 1w 0 *
g8{08:11 (568 9, 0
81581 ... 9] 0 IV.
. 813413 41110 0
MEANS.
6133;12,13] ... | ... 19 713371228 ... | .. 18 82012 1 44 . . b4 |
6134 ...} .. 9 1 20 7133 .. | .. 9 6 18 8130 ... |- 9 7 23
There are two high and two low The high and low values in the
values, viz., 14% 06™, 13% 48=, and | interval balance.
10t 32=, 10t 41 nearly balaneing
each other; there was, therefore, no
rejection required.
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TABLE FOR THE REDUCTION OF TipES.—No. 2.

Showing the Interval between the App. Time of the Moon’s Inferior Transit and the Time of High
Water, and also the Heights of High Water, at Van Rensselaer Harbor, from Four Series of
Observations made between October 10, 1853, and October 22, 1854,

9t to 10™ 10t t6 11n 11 to 19k,
; | !
Moon’s : Lunitidal | & % | Moon’s | Lunitidal &% | Moon’s | Lunitidal 0 ]
transit. | interval. | Heightof | E'f | transit, | interval. | Heightof| E'G | tramsit. | interval. | Heightof{ £'E
e H. water. _a‘é; ———— | —————| H. water. E; H. water. Ei
App. time.- H. water. | ,; g [App. time.| H. water. ; & |App. time.| H. water. o8
H o m M Fe | s g ; ¥ s 5 ; ! o8
. j M. H M. : Ft. 1Dec. w2 | H. % M| H | M t. | Dec.| =2 | H. (M. | H. | M | Ft. EDec. ]
9 /37112 37 10| 9 1024122 |11 3 11011230 12] 0
9123/12:23,10] 7 10111713150 111} 6 11 5211|5412 3
9109 112:22111| 8 10 1 34 (12 141111} 0 1. 1191511130} 9 8 I
952111 54111 5 L 10124131713 8 11591120113} 0 *
9.33:12,39112, 0 ' 10,31 711149, 81 6 1112011136113, 7
9:06112:30, 7| 8 ‘ 11717 711 ;48] 8} 9
9149113 17| 9] 6 1006113139 6| 6 P
914612 27 11| 6 10 57 |12 48] 71 7 11 1301214712 4
— —_ 10115 112 ;0211 2] IIL J11 /4611129 8| 4 It
915112 .30 ] 71 2| 10105111 119 |11} 7 11 113 |13 |34 (11} 9 g
9,12;12,05 110} 31! IL §10 5511 59 11| 9 11 143 1114212 0
9111112 ,43 10| 31 e e
—————J——j’———-—-‘——:——-—— 1032711 30)12) 2 1116 |12]46 12/ ©
9|47 111115111 1 1019113 {4511 8 1109111 (40,13 ) 7
9:33:11:31, 9 44 10 143 {11 | 35 | 10 0 1 11 128 013 | 17 9 7 I
9116 10 48 11| 3 L |10 8810123 12 9 “]11 38 13|53 |11 4 g
9&59!1014919}9J Tp10.07 111 21 8| 5 11144712114 8| 3
9 4112,17 111, 6| 10 :55 |13 /187 8 1 11 °20 /12 )20 )12} 5
92211206 91 9 —_ —_ ! — —
B e 10 045 112 1 26 | 14 [\ 11 17 11|50} 11 5
9 } 47 ; 10049110, 0 o 110702111 113112} 0 IV. |11 36 1206|114 0} IV.
9 { 19111 56 /111 0© ! 110 46,1229 112 o0 11 130121151121 ©
N L
MEANS.
i | | i ! { ! i i ‘ |
9 ] 30 } 12,03 ...t ... 19 |10 i 29 '! 12 18 e i 19 11 2801216 ... | .. | 19
9 f 30 | - } . 10 4 ), 19 ] 10 | 29} .. .. |20 9 19 111 28 o 11 5] 19
o { | | ! ! !
There being three low and baut
one high value in the interval, it
seemed preferable to adopt a mean
resulting after the rejection of 10®
48, viz:—
9130}12)07}...1.... 18




RECORD AND REDUCTION OF THE TIDES. ‘59

FABLYE FOR T8E REDUCTION oF Tip%s,NO. 2. -

| Showing the Taterval between the App. Time of the Moon’s Saperior Transit and the’ Time of Low |
Water, and also the Heights of Low Water, at Van Rensselaer Harbor, from Four Series of |
Observations made between October 10, 1853, and October 22, 1854. :

08 to 1h, 1* to 2, 2* to 3
Moot’s | Lunitidal 4 2 | Moon’s | Lunitidal 4.5 | Moou’s | Lunitidal &3
transit. | dnterval. { Heightof{ 5% | transit. | interval. | Heightof| B'% | transit. | interval. | Heightof | BT
4 L. water, g; L. water, _§_; e e L. water. § 2
App. time.: L. water. .; 5 |App. time.| L. water. ..Z 2 |App. time.| L. water. .f‘,.%
R = u oy
3 2 8 5 ] v o - . :
B M| B | M| F|Dee| S5 | B | M| B | M [P Doc| S2 |H | M| B | M| Fi|Doc. X
013 (17]02] 1] 5 1,/40}17 1351 9 21251188 | 2| 7
0 1 57117133 2 0 1116 (18100} O} O 211617 46 0 3 1
0.19118/42] 0| 9 1 170717188 31 1 I 2144 17(30) 2] 3 i
012118154 3| 1 * 15518 (20| 1| 2 : 215881704
0163171172 1 1158(17112 0] 4 e
0,30 (18|49 1| & 12015 58] 0] 6 2|45 |18]0L| 1| 3
—— : — — 21291747 2| 3
0{011181186 & 11 3 1100 ({17100 0} 5 2109117(39| 2| 6 u
010 {17{05; 4] 1 15817 /21 )0/ 3 2153117126 2} 5 *
0 | 58 {18118 2% 4 11441802} 4] 1 u 2102118119 1 2
0817 /4] 0] 1 IL 112211740 0] 5 . 215211716} 3| 1
0/ 20]19 37| 21 7 1]1B]17]21)] 8] o
0/07/18118) 3 5 1 } 3618120 1] 5 2146118118} 3] 9
0152119103 31 3 ; 218117146 0} 5
—_— 1({09(18]24{ 2 1 2119117594} 2} 5 ]
02216 41 21 0 1/56(15[37] 1 9 2121117188} 1 1] IL
03016149 | 1{ 3 130,16 49} 0} 8 2137117120 8| 6 .
013 (18109 11{ 6 I 12917384 1{ 5 IlL 2{02 /17108 1| 2
01018 21| 2] o© 8 1{16{17 /15| 0| 4 2148117 (21 1| 7
0{10[16 /48| 2 0 1/49 /1808 3| 2 -

0/69 )15 {58 11 9 1;00{17 10§ 1] 2 210111713110/ b .
— 247119118 1 0 .
04122117146 (—0{ 7 v 1/{12/18(50| 0} O 213 |1613] 0| 0 *

0461656 ) 0] 0 * 1jo7}j18/01| 2] 0O v 2121117(52] 0| O
1{52]18/16| 0 0 :
. 1/33|17/40] 0] 0
MEANS. h
olsol1rfas| || 2 | 2f2o ar|sa |l 28| 2)80j27)a3).|| 2}
0|30/ .. f ( 1] l 2t | 129 .|| 13 23 [2/30) . 1) 7f
S 1
The highest and lowest valae of The low value 15t 37™ is rejected, !
' the intervals balance in the mean, | hence new mean—
hence no value is rejeoted. —
1423 17*39!...!...122
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TasLE ForR THE REDUCTION OF TiDES.—No. 2.

Showing the Interval between the App. Time of the Moon’s Saperior Transit and the Time of Low
Water, and also the Heights of Low Water, at Van Rensselaer Harbor, from Four Series of
Observations made between October 10, 1853, and October 22, 1854.

3% to 4% 4" to b, 5" to 6%
Moon’s | Lunitidal 4 2 | Moon’s | Lunitidal &4 % | Moon's |Lunitidal 1T &%
transit. | interval. | Height of | & 5 transit. | interval. | Height of | 'E transit. | interval. | Height of | £ 'E
b | L. water. | $® L.owater.! $= { -} L water.] 2=
. £z 2z . 23
App. time.| L. water. w S 1App. tlme.i L. water. < 2 |App. time. L. water. v &
! $ 5 | : S 5 i S8
H. | M. H | M Pt Deo 55 |H | M |H | M{F.|Deo) 2 |H | M |H | M| P |Deol S8
3112(17[18| 4! 4 4/00l16|46] 4] 5 5142118 (34 5| 4
3119117112 o} 7 4 51117125 51 2 523116 !53] 3| 2
3134117 (25| 3} 6 4.22116139| 21 31 514 |17 1691 81 7| |
3{03{15(36| of 1 42411850 3| 6| ™ 5/0 1524 21 3| *
3461416 .. 40316 51| 1| 3 51562 18 16| 3| 4
———— 432 16 (59| 4| 4 5117017144 4| 2
313211729} 2/ o f— — ! '
83114 1181024 o 3} . | 4]16)16|30| 3| 4] 5{0116 01| 3| 8
3/38[16]10] 3| 9 Tl 4003716 3] 0 5{43 18133 5] 0
3 44)16|53| 2] 6 474901721 3] o ) 5109]16/54) 6] 1] I
— e e || —{ 4 123 (16 (25| 3| 1] 5156116 /563) 51 8
338117129 1| 8 o : 5 ‘ 36|17 06| 5! 0
3138(15]41] 2! 3 412016138 5| 3| —
309 18 09/ 2| 5 4411538 2] 0 5040 (15 /39| 4| 2
315011748 4| o 4147|1745 | 31| 7 532 .|| 4] 5
3 \ 24116136 1) 3| UL | 412315137 2| 3|, | 5/16|15 4| 3| 7| IL
3124117/33| 3/ 9 4081749 2] 6 1 5133161/53] 4| 8
3100]16]55! 2| 4 4:52 /17|49 2| 2 5143 17 26| 4| 5
3(52/17/02| 2} 5 4/13] ... 4] 0
3130116 |54 3| 2 4 156 17 (43| 4] 4] 5111 {14 53] 3| 0 v
——— — —_— 5(25(16,45| 2| 0 :
333,173 1| 5 412211541 ol o |
313211613711 o 1Iv.| 4127|1542 1| © v l
3021703 0| 5 4(00 16 (13| 2| 0| IV !
| 45111623 4| 0
! I | {
MEANS
H [ ; ! i
3128165 | .| ..] 211} 4 lzv 16152 .| .. | 21 | 5127 16085].. 17
S S N B B I RO O B - B ‘." 4 1| 18
t | l

The low values 14" 16m is reject-
ed, hence new mean—

3 }28’ 17, 04 I.“ | . ’ 20 |

The high value 18* 50= is in a
measure balanced by two low va-
lues, 154 372 and 15t 37m,

The low value 14» 53™ is rejected,
hence new mean—

5| 27 ’17

02 “.l.n

16
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Tasux vor v REpvorion o7 Tives.—No. 2.

! Showing the Tnterval between the App. Time of the Moon’s Buperior Transit and the Time of Low.
Water, and also the Heights of Low Waier, at Van Bensselaer Harbor, from Four Series of |
Observations made between Octaber 10, 1853, and October 22, 1854,

6% to TN, Tt {o 8h. 8t to 9%

Moon’s | Lunitidal | 3% | Moon’s | Lunitidal 35 | Moon's |Lunitidal 3 %
transit, | interval. | Heightof| EE | transit. | interval. | Hoightof{ BT | transit. | interval. | Height of E%
e feeeeee L. Waiter. E; L. water. §.§ —_— 1. water. § @
App. time.| L. water. ; % 1App. time.| L. water. ..25 App. time.| L. water. .;%‘

% - - .
H | M |H | M| Ft De| 22 |H | M |H | M|Ft De. SS | m [ ] B | M| P |Deo. £.§
612816 45| 4| 7 712001747 4| 8 8|22 18|21 4| 2 ‘
6132|1769 5| 2 722118 /24| 4| 8 81111850 4/ 5
620117 /55| 4] 9 714118 02| 4| 4] 8/59/10/02] 3| 4
610111832 3} 7| 7Ti34/17/38| 4} 2] * 802,18 /29| 5| 5
6,48 {17 55| 3, 7| © 7]22118 14| 5| 2 8|48 118 |43 | 4| 2] L
638,18 00, 2] 9 7134(18|10] 3| 2 gl2 /19122 21 1
6lo01(17 |2} 2] 9 ' 80418 (03] 5] 3
64718 128! 2| 4 ; 13 ig 43 i g 8 gg 1&; 50! 1] 8 i
o 8 17|36] 1] 8
62817 ]18) 3} 8| | 742|182 | 4} 8| :
gi27j2 0l 6| 0 17|11l )11y 5] 5 slozl19113| 3} 3 ,
- * gl60l19|56]| 3] 3 '
614517 46| 41 5 7{41|17|38| 4| 0 e«umasaan,i
6341800 5| 2 7188|1812 3! 6 8|28 |2 |07 5{ 0
604117125 4| 6 7124|1855 4| 4 gl42119112) 51 1 ‘
6|49 (17|10 5| 6| mr. | 7|00{17 32| 4, 1
6|17 |16 |54 4| 4 74418 /48| 4| 0] I | 835 ]18)27| 4| 1
6153 .. || 4| 6 713318 /41| 5| 2 8|2 |19 (39! 2| 7
6/32(18/37| 3| 6 ; g% 13 24! 4| 3 8/10/17(24| 3| 4
1713 8] 9 8(55/18/09| 3| & :

{ sl2s|16]a2| 3| o) 1v. | 7i38|19|01| 5! ¢ 8|30 18!3s2] 3| 4| 1

1 816 /18|28 | 5| 8

, 743117 63| 5| 0| ;v | 8(59(17|50 2} 9

7123|1661 65| 0 | sl45{18,25] 3] 0
8/3419{32] 5 0 ]
gi01/19{14| 3| o IV."
. 8/67/18[18| 8] 0 :
MEANS. , l
628 17 49| .. || 17 | vloe|aelar| .| 21 | 8|30]18]15].. 2 |
6/29| || 4] 2] 18 ) 7 29| .|| 4 6] 201 | B[30..)|..]| 3] 7| 25
The high value 20* 01™ is reject- | The low value 15% 51= is rejected,
ed, hence new mean— hence new mean—
e]zs 17 42‘...‘... 16 7‘29118 2)..|..]| 2
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TABLE ¥or THE REpUOTION OF TipES.—NoO. 2.

Showing the Interval between the App. Time of the Moon’s Superior Transit and the Time of Low
Water, and also the Heights of Low Water, at Van Rensselaer Harbor, from Four Series of
Observations made between October 10, 1853, and October 22, 1854.

9t o 107, 10® to 11 112 to 12%
Moon's | Lunitidal l & % | Moon's | Lunitidal 4 3 | Moon’s | Lunitidal 45
transit. | interval. { Height ofg :'g transit. | interval. | Height of 2'5 transit, | interval. Height of :‘E
R e L. water.; 2@ | L. water.| S = L. water. | %
p] =g -2
Apps time.| L. water. .; Z [App. time.; L. water. “Z § |App. time.! L. water. % H
; - - -
H | M |H | M|Ft De. 52 |H | M| H ] M| Ft.|Dec. 22 |H |M | B M Ft.jDee. 2
91218 47| 3| 1 1010217157 2 7 11|26 (17]2 | 2| 7
9147 {17 59| 21 9 10 136 17 (40 1| 6 11187118 53| 3| 65|
9/31|18:00] 3, 8 1013 2002 21 5 : 1[50 1751 (—1| 2| ™
908 |19,04 2| 2| I 10/54:18 36| 21 9| I |1nn|4a1]18;28| 5| 5
9 58 |18:43! 0| 7 1051 :17150] 0 1 ‘ —
912719 091 2| 8 1071101825 2| 8 11 {22{19 08| 21| 3
9 1818 10} 11 9 1054110 |11 2| 4 11411721 |—0] 4| IL
— : o — 111911836 2| 0
94119 34| 1] 5 1058 18(19] 1 0 R, N S -
9 45117 52| 2] 8 IL [10}32 18 13| 1| 8 . |11/38 /19 09| 1| 0
9139118 145| 3| 8| 10 145 18702 11 0 11135 {16:59] 0| 9
— ‘ 1031118231 2] 2 11105 |17 58] 21 7
91241181 08| 2 5| A S e P 1151118 27| 2| 4 IIL
9110118 109 1| 8 101011922 1| 6 11[07(18 54| 0| 8
9 5617 38 ] 2 2 . 11054117 08} 2| 6 11119/17:39] 2 4
9(38(19 /10 4| o -~ l10{43/18)21] 1 3 11541726 1| 2
9l18!17:13) 1| 8/ 10211842 2| 0] I _ —
9 44 (18 14| 31| 6 1071011651 1| 4 11 (3911728 21| 0
—_——— 10 /8117 (57] 3| 6 11 {10118 [ 02 |~2{ ©
9122 19 141 51 0 ;o |10147117|38) 1| 2 1591913 |—0] 5] IV.
9141/18 34| 0o} 0, 'V —— i1{o8{17 (071 0| 0
! | : 10 {09 118|581 21 0 11[53[16/22{ 0] ©
! ! 10 155 |18 112 4] 0 |y
| i 1012 /18 (21 0| 0 :
: ! 102411851 1) 0
MEANS.
] ! ‘ | H ‘ | ! | { |
9132 18728 .. .. 18 [10!32 1819 .. ...!22 11;32§18‘01§...t...119
9;32;...;...{:‘21}6118 10;32;...;... 1) 9| 22 111325"‘i"‘§1i3519
i B ! i H i H + H i H
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T '?

’ Tanex ¥or THE REDUCTION OF TipER—No. 2. ‘
Showing the Inferval between the App. Time of the Moon’s Inferior Transit and the Time of Low |
Water, and also the Heights of Low Water, at Van Rensselaer Harbor, from Four Series of |
Observations made between October 10, 1853, and October 22, 1854,
0" to 1%, 1* to 2%, ‘ 2" to 3%,
Moon’s | Lunitidal & % | Moon’s | Lunitidal 4% | Moon’s | Lunitidal &%
| transit. | interval. | Heightof| EE | transit. | interval. | Heightof| §T | trausit. | interval. | Heightof| EE |
— e fe——{ L. water. E_; it | e | L, water. §§ - L. water. §'§
 App. time.| L. water. % & |App. time.] L. water. .; & |App. time. L. water. ; g
% > = -]
H | M |H|M|F|De| 52 |H | M| H |M/|F. Dee SE|m M| B | M|F|De £
- o317l 1| 8 11817 |21 1| 6 2]02]15143] 51 7
048 /18|28 0! 1 1146{19 (00| 1} 5 2481161567} 2§ 8
01441181161 1} 3 1 131171441 —01} 1y L 21471171144 1 6 1
0o|21(18{05{—0] 3| ™ 1125717 (46| 0| © 212001664 31| 91 &
0061658 3] 4 1144|1719 ]| o 213 (18110}—0] 1
015517108 ) 2 ( 7 T 2134175681 ...1 ..
e e — 1(27/18 (19|—0 4 S
- 0311931 |—1] 8 1/21{17]2} 3| 2 212 ]17{5 | 1] 5
0133|18713} 2 4 145119 102} 1} 3} o 2|06 17|40 24 2|
007117 (55{—01{ 9 1138{18{43} 0| 7 -1 2i51(16{2| 3| 9| IL
cols7l18los| 1| 1| m | 1{14}18|21) 1§ 3 2:31/18-147) 11 9
0|06]18(15| 2! 3 1569418 57| 3 3 21261181564 11 6
0/52 (192 3| 2 N S SN ,
02917156 |—0] 2 1133116 /00; 1} 5 212014571 1t 7
10411544} 21 3 210117133 ) 1§ 7
0j00[17]02] 2| 2 15417 /240 1) 6|, | 27411604} 2] 5
ol4518 (18 2| o 1(49 (18 41| 0] 2 { 2!52)16{38{ 1{ 6 I
0/15/16 103 0| 5|, | 1/24/18/03} 3| 0 2113717114 21 5
04317 /48] 1| 6 113117124 1} 0 231 {17|09] 1| 0
0{35|[17|52] 2] 4 O, : 2192|1712} 2] 0
ol27l17|858] 11 5 1]36]18{2 )] 1| 0 e
B — 1/29,171394{ 14 0O v 2124117109 4—11 0
0471645 |—1 | v 1{09{19|03}—1] © -l 2115]17(53{ 0} 0] IV.
ojo0|17|067] 1| o 15716 46) 0| € 2145/15{28] 0} ©
045|117 (583; 0| 0] IV.
o/22|18|20 | 1] o
017116 {68 0 O
MEANS,
i
0130117150 .| o] 24 | 1133 17 (52] ] ..] 21 ] 2/28/17}09 21
0130 ] n || 1] 1| 24 | 1|83 ]| 2| 1] 20| 2|28 g I B B S )
The two high and two low values The value 15" 44m is rejected, The lowest value 14% 33% is re- g
of the intervals nearly balance in | hence new mean— jected, hence—
the mean.
1‘34l17|58‘...i...‘20 2‘23‘171151...}...120

-
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TasBLE ForR THE RepuoTioN oF TiDES,—No. 2.

Showing the Interval between the App. Time of the Moon’s Inferior Transit and the Time of Low
Water, and also the Heights of Low Water, at Van Reusselaer Harbor, from Four Series of
Observations made between October 10, 1853, and October 22, 1854,

3" to 4%, 4" to 5% 5t to 6h,
Moon’s i Lunitidal &3 | Moon’s Lunitidal! 4% | Moon's | Lunitidal i &8
transit. | interval. | Height of £'% | transit. | interval. | Height of | &'Z | trausit. | interval. | Heightof| E°C
— L. water. E; — | L. water. 25 e | L. water. E;
App time.; L. water. < S |App. time.; L. water. % & |App. time.| L. water. .; g
- m -]
N -2 -1 . B
H M |H | M |Ft|De. 52 |H. |M|H |M|F De| 5.5 |H | M | H |M|Ft|De| 52
3 .36 171 40 3 4 | 4125116 | 06 31 9 5116115 | 15 4 5
3 50|16 156| 1| 8] 41521173 21 6 5(52/18 24| 3] 5
3091705 2 6 1 4149 |15 |55 5 1 I 51371651 6 6 L
35916 00 3 2 ) 4311|1708 1 0 * 51261813 1 0
33211737 1 6 4109 16 | 22 4 5 513917 | 51 3 1
3.,22:17110 1 4 4|54 116 |22 5 1
— —_— JUS—— S 5121418 1| 55 3 8
3,08 |17 53 2 1 438116 | 53 2 2 5116 |16 | 00 5 b II.
3 5418 07 0 3 42411822 4 5 o 51382117 | 02 4 1
337117 24 2 7 II. 410016 |48 1 0 ‘ 5111|1701 4 2
3.15 |17 48 1 5 i 4|46 17 | 02 3 9
3 18,16 34| 2| 7| — R 5110{ 17139 11 8
—_— i X ; 415011613 6 5 510917 08 4 8
3.09!15 ) 54 3 7 4|09 |16 | 55 1 8 554,16 : 08 5 2
359|161 34 4 3 472217140 3 6 101 514015 20 2 8 | II
3 0516 59 1 8 4|49 1 16 | 56 2 5 * 511218 | 14 3 8
33416 59 3 5 43016 | 27 5 0 55517 | 01 6 9
3 53117107 1 3 I 4134117 |05 4 8 5119 ] 16 | 35 6 1
3 00 15 21! 2| o - - S J il Ml
3 46 15 41 3 8 i 4146 114 | 18 0 0 51587115113 3 0| IV.
3126 17 44 1 8 . 4156 16 |13 2 0 IV. !
309 17 45 3 2 4125 15| 48 2 0
3151 16|33 4] 1 ;
3110 17,237 0] 0]
3157 .16 06, 0] 0 ;
3106 1703 0 0 IV. |
3159 1610 0} 0 :
3|3 16 38 0] 0, |
MEANS
, ‘ ] i : ; i § |
308116 56 | .. | .. | 26 | 4l34 16138 .. .| 19 | 5{30/16 59| .. .. | 17
3(‘311...‘...%2&0126 434 ... 3 3|19 51301 .. i | 4 2;17
i i 1 i !
The value 14" 18= is rejected, The three highest and three low-
hence new mean— est values of the intervals balance
in the mean.
4‘34'16‘45 .I...$18
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e e i i 57 S i e D

TanLE ror THE REDUCTION OF TrpEs.—No. 2.

Showing the Interval between the App. Time of the Moon’s Inferior Transit and the Time of Low
Water, and also the Heights of Low Water, at Van Rensselasr Harbor, from Four Series of
Observations made between October 10, 1853, and October 22, 1854.

6" to & 7® to 8% ’ 8% to 9%~
i Moon's | Lunitidal &% | Moon’s |Lunitidal 5% | Moon’s |Lunitidal | &%
transit. | interval. | Heightof| B°L | transit. iriterval. | Height of E'E transit. | interval. | Height of| E'E
e [Lowater.] S8 | ) T.water.| ©® } | L water.| 2%
=g 2 -4
App. time.| L. water. % g |App. time.| L. water. ,; g |App. time.| L. water. -
w « ° =
3 . .-
B M | B | M| Do) S&| B |30 B M | Fe Deo| S5 [m |3 | B || Fe [Dee 52
- 6|57 (18146 4| 4 7154|1749 4:{ 4] 84718 (27} 81 7
6107|161 39 b 2 714617100 5. 5 838119 | 11 5 1
66717 49| 6] 1 7|38 17|08 4! 3 8218|214 2| 3/
648 1171581 4 0| L 7{11 (18|31 6 ‘ 9 844119128 3| 4 *
612511748 3| 4 75618464}3 L g2 19|11} 1] 7
611411854 3 5 7100118 |07 3 ! [ 8| 50 19 | 08 2 9
612417136, 4| 6 7142(18[25; 5 3 G
- 7110117 05 4 1 812618149 3 8
610617140 41 6 715918 45! 41 8 811012036 5| 7
6511625 3 7 e 810320118 3 9
61011713 4| 3| IL 718819108} 4 7 8153119142 51| 4
6|01 |16 41 5 7 7{09(21107| 4 l 7 L 8112118 12 b 3
6562117108 & 5 7111|1842 5 3
o  — 81071191101 4] ©
f 6117 | 17 | 59 5 1 7113118 ;18 4f 0 815911933 1 8
. 8107|1787 3 0 71141735 6! 0 810217 |02 5 2
L 615912005 3 8 7147118 (47 8| 17 8148117116 | 4 4
L 638 17|24 6 6 1L 7122118110 ] 6 1 ur 8132118147 2} 5
627 (17102] 3| 2 7111(18 {18! 4. O * 8107119556 4] 3
6139|1747 6| 5 7154119 (35| 4 4 854117563 4] 0
631118 53| 4| 8 7126({18130, 6 0 8137118122} 3| 0
: 6107118 | 47( 5 7 7116118 {08! 4 4 81181181387 5 6
o —— : ‘ 81011171563 ] 4 5
69 l17T i1 4 5 v 71Yr(116 118 5 o IV. —— e
S 6/568/16116] 3] O : ! 8/08/15(58| 5] 0
f | 8|58 {18/08| 5| 0
834|188 /41| 3| 0
MEANS
; |
618111714561 ... | < 22 7 ! 28 118 | 18 | v ] .o 21 8 3 29 118 [ 41 { .. | o
6|31 e | e 4 6 22 T 28 ] eee | oee 4 8 21 8 i 29 ! e | v 41 0
The high value 20 05™ is re- The high valme 21* 07= is re- The low value 15® 58= is rejected,
jected, hence new mean— jooted, hence new mean— hence new mean—
6 { 30 t v lse] ..l o] )2 ‘ 18 l 10| .. l l 2 | s ‘ 30 i 18 | 48 ‘ o] o] 23




66

RECORD AND REDUCTION OF THE TIDES.

TABLE FOR THE REDUCTION OF TipES.—NO. 2.

Showing the Interval between the App. Time of the Moon’s Inferior Transit and the Time of Low
Water, and also the Heights of Low Water, at Van Rensselaer Harbor, from Four Series of
Observations made between October 10, 1853, to October 22, 1855.

9t to 100, 10® to 11n 11t o 120
Moon’s | Lunitidal & $ | Moon’s |Lunitidsl & % | Moon’s | Lunitidal as
transit. | interval. | Height of| L'H | transit. | interval. | Heightof| %% | transit. | interval. | Height of g
L. water. g; ~ | L. water. E; L. water. g 5
App. time.| L. water. ,; 2 |App. time.| L. water. ,; S |App. time. L. water. ; g
! .- i - ]
H /M| & | M. | Ft |Deo.f S5 |H |M |H |M |Ft|Dec| 52 | B | M | H | M | Ft.|Dec.| 22
9| 371837 2 7 10 11 |19 05 3 9 11 | 01 | 18 ; 00 1 9
912318 ! 53 4 9 10 1 34 | 18 | 26 2 1 I 11 [ 52 0 19 ) 09 3 6
97,0919 07 2 8 10 0 24 | 17 | 47 1 2 * 11115 18 | 15 0 7 I
915218 54| 2 6 I 10131118104 2 3 11 | 59 117 ! 01 0! 4 "
913319 08 2 6 * : 11,20 118 106 1 7
910619 00 0 3 10 | 06 | 18 | 54 1 3 11 | 17 | 17 © 48 2 4
9149 18 | 16 3 5 10 | 57 | 18 | 03 2 8 e e e e
946 (19 | 12 4 9 10 1 15 | 18 | 02 2 0 II. 11 1 30 | 18 : 47 2 6

—_— e e 10 1 05 |18 | 34 3 4 11 | 46 | 17 | 59 0 7 1
911521 00 3 7 10 | 55 | 18 | 30 1 3 11 113 | 18 | 49 3 0 *
9112118 | 35 2 8 IL 11 143 18 | 42 —1 3
9111 | 18 | 43 4 3 10 |, 32 | 18 | 32 1 8 e —

e e e 10119 { 18 | 15 1 9 11 16 | 19 | 16 0 1
9147 |18 | 45 1 7 10 ; 43 | 18 | 50 2 0 11 1 09 | 18 | 40 1 0
9133120 01 2 0 10 | 38 { 18 | 23 2 1 I, 11 128 119 . 05 3 4
911619 03| 3| 3| IL [10]07]19 36| 2| 9 113818 23| 1| g| 1L
9591819 2 0 10 55 | 18 | 33 2 0 11 | 44 ;19 14 3 1
912219 36 3 3 10 1 15 {18 | 25 2 4 11 20 18 [ 05 2 2
94712019 b U v 10 133117 34 2 0 11 117 1 15 ; 50 0 0
911918 | 26 2 0 11045 | 17 | 26 |—1 2 v 11 | 36 | 17 36 '—1 0] IV.

10 ; 02 | 17 | 43 1 0 {11 3017 | 45 0 0
10 46 | 17 | 29 0 0
MEANS
9 301906 .1 .. 18 10129 118 19| ... | ... 20 11128 |18 14| ... 1 ... 19
9 30 ... .. 3 0 18 10 | 29 .o 1 9 20 11128 ... | ... 1 4 19

The highest value 21t 00 is re-
jected, hence new mean—

9130‘19‘00!...{...

l17

The low value 15% 50™ is rejected,
hence new mean—

11128!18 21]‘

[18
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~ The preceding tables (No. 2) contain the individual and mean values for interval
and height for high and low water, and the moon’s upper and lower transit. The
‘mean, in some cases, was improved by the application of Peirce’s criterion for the
_rejection of doubtful observations; a few other rejections were made, as stated, in
order to obtain a well-balanced mean; of 982 observatwns of the interval, but 17
were thus rejected.

Half-montkly Inequality. —For the comparison of the observed with the theoretical
values, it is customary to use the forms of the equilibrium theory or of the waye
theory,! certain modifications being necessary to produce an agreement between
these theories with observation. According to the equilibrium theory the formula
for the position of the pole of the tidal spheroid is:

hsin. 2 ¢
tan. 2 ¢ = — W hes 2%’ 29

where % and & are the elevations of the spheroid due to the sun and moon respect-
ively, ¢ the angular distance of the moon from the sun and ¢ the angular distance
of the pole of the spheroid (or of high water) from the moon’s place. In reality,
however, the pole of this spheroid follows the moon at a certain distance, the mean
value A’ of which is known as the “ mean establishment” (also fundamental hour,
corrected establishment), and which corresponds to a distance of the sun and moon
of § — a instead of ¢. This retroposition of the theoretical tide has been called
the age of the tide. For the comparison of the observed and computed values
for the half-monthly inequality n time, we have the formula:?

h sin. 2 (¢ —a)
K ¥ heos. 2 (p—a)
This mequahty goes through its period twice in each month. Proper values have

tan. 2 (¢ — A) = —

to be found for the ratio i?’ and the angle a.

The observations of 480 high waters furnish us with the following values, denved
from the preceding tabulation on form No. 2:—

1 An account of the Equilibrium, Laplace’s and the Wave Theories, will be found in the Encyelopedia
of Astronomy, forming a portion of the Encyclopedia Metropolitana, London, 1848 ; article “ On Tides
and Waves,” by G. B. Airy, Esq., Astronomer Royal.

¢ Phil. Trans. Royal Society, 1834, Part I. On the Empirical Laws of the Tides in the Port of
London, with some Reflections on the Theory; by the Rev. W. Whewell.

See also Phil. Trans. Royal Society, 1836, Part I. Researches on the Tides, fourth series ; On the
Empirical Laws of the Tides in the Port of Liverpool By the Rev Ww. Whewe]i.
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From (’s upper transit. From ((’s lower transit. From ({’s upper and lower transit.
Apparent Lunitidal No. of Apparent ;| Lunitidal No. of Apparent Lunitidal Ro. of
solar time of interval. observa- | solar time of interval. obgerva- | solar time of interval. ohserva-
moon’s transit. tions. {moon’s transit. tions. (moon’s transit. tions.
0n 29m 11h 40m 18 On 29m 11 34m 25 O 29m 11k 37m 43
i 29 11 12 22 1 31 11 13 21 1 30 11 12 43
2 32 11 04 20 2 27 10 59 20 2 30 11 o1 40
3 30 10 57 19 3 31 10 40 26 3 30 10 47 45
4 27 10 52 21 4 33 11 01 20 4 30 10 56 41
5 27 10 53 19 5 30 11 04 17 5 29 10 58 36
6 31 11 45 17 6 33 12 13 19 6 32 11 59 36
7 28 12 26 1 20 7 33 12 28 18 7 30 12 27 38
8 32 12 42 24 8 20 ! 12 44 21 8 30 12 43 45
9 32 12 36 18 9 30 12 07 18 9 31 12 22 36
10 32 12 23 20 10 29 12 18 19 10 30 12 21 39
11 32 12 17 19 11 28 12 16 19 11 30 12 16 . 38
Mean and ‘ Mean and 1 Mean and
an o ! 1 44 i 237 an o } 11 43 ! 243 an & } 11 433 * 480

The mean establishment resulting from the observed times of 480 high waters
at Van Rensselaer Harbor is therefore 11" 43.3™, referred to the moon’s transit
immediatcly preceding and corresponding to a mean horizontal parallax of the
moon and sun, and to the moon’s and sun’s declination of 16° nearly. The mean
interval corresponds to the moon’s transit of 0" 21™ nearly, indicating that the
epoch would have come out 0" 0™ if transit E (see An Elementary Treatise on the
Tides, by J. W. Lubback, Esq., London, 1839) or that immediately preceding
transit I had been used.

In like manner we obtain the following table from the observed times of 485
low waters at Van Rensselaer Harbor :—

From (’s upper transit. From ((’s lower transit. From (’s upper and lower transit.
Apparent | Lunitidal | No. of Apparent Lunitidal No. of Apparent | Lunitidal No. of
solar time of  interval. observa- | solar time of interval. observa- | solar time of ;|  interval. observa-
moon’s transit. tions. jmoon’s transit. tions. {moon’s transit.: tions.

Ob 30m 17% 49m 21 ob 30m 178 50m 24 O0r 30m ° 17h 5Om 45

1 28 17 39 22 1 34 17 58 20 1381 | 17 48 42

2 31 17 43 21 2 28 17 15 20 2 3 | 17 29 41

3 28 17 04 0 20 3 31 16 56 26 3 30 : 16 59 46

4 27 .16 52 0 21 4 34 16 45 18 4 30 | 16 49 39

5 27 17 02 16 5 30 16 59 17 5 29 | 17 00 33

6 28 17 42 16 6 30 17 39 21 6 30 17 40 37

729 18 24 . 20 7020 18 10 20 7 29 18 17 40

g 30 .18 15 25 8 29 18 48 23 8 30 | 18 31 48

9 32 1R 28 18 9 30 19 00 17 9 31 |, 18 43 35

10 32 18 19 1 22 10 29 18 19 20 10 30 | 18 19 42

11 32 15 01 . 18 11 28 18 21 18 i 30 | 18 11 37

Mean and | . Mean and Mean and } |
cn sl 1 oas g oen (NORAML a7 g0 ; 244 il |17 as0 | 48

The mean establishment resulting from the observed times of 485 low waters is
17" 48.0™, referred to the moon’s transit immediately preceding low water, and the
same to which the preceding high water has been referred; the difference between
the two mean intervals is 6" 04.7™.

To obtain a numerical expression for the half-monthly inequality in time, the
value for a should be determined so as to furnish, in particular, good results for



RECORD AND REDUCTION OF THE TIDES. 69

5% 30, 6 30™, T* 30™, where the curve is steepest; the value % is obtained from

the greatest range of the inequality determined, for a first approximation, by a
graphical process. I find from the observed high waters & == 0* 21 or 5° 15/, and
from the low waters a = 0 50" or 12° 30. Range of inequality, from the high
waters, 1" 51™ or 27° 48, the sin. of which is 0.4649, and for the low waters, range
1* 54 or 28° 30, the sin, of which is 0.4771; hence the expression for the half-
monthly inequality ¢n time becomes

From the observed high waters tan. 2(¢'—175°49".5)—=— i 3_%)6:(?48;:0?%4’(;5;315;)

«© o« o« 0.4771 sin. 2 (¢ — 12° 30
low waters tan. 2 (¢—267° 00')=— i +O.477§ztos. (;@,__120 3&)

These expressions furnish us with the following comparison :—

HALF-MONTHLY INEQUALITY IN TIME.

From high waters. From low waters.
Apparent Observed. Computed. Difference. Apparent Observed. Computed. Difference.
solar time of solar time of
moon’s transit. moon’s transit.
o 2gm — G, — 3m — 8= o 30m 4 2= 4 6= — 4n
1 30 —31 —22 — 9 1 31 0 —13 +13
2 30 —42 —39 — 3 2 30 —19 —31 +12
3 80 —58 —52 —4 3 30 —49 —47 _—2
4 30 —A47 —55 + 8 4 30 —59 —56 — 3
5 29 —45 —38 —7 5 29 —48 —52 + 4
6 32 +16 4 8 4+ 8 6 30 - 8 -—18 +10
7 30 +-44 +-46 — 2 7 29 429 433 — 4
8 30 +-60 456 4 4 8 30 +43 +56 —13
9 31 -4-39 +-48 — 9 9 31 +-55 +-54 + 1
10 30 4-38 434 4 4 10 30 +31 +42 —11
11 30 +4-33 +16 417 11 30 +23 +25 —2

Considering ‘that the times of high and low water are only observed to the
nearest half hour and for some time to the nearest hour, the agreement as shown
above and by the diagrams, seems to be satisfactory.

Observed and computed half-monthly inequality in time for observations.
Of the high waters. Of the low waters.
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In the above diagram, the observed values are indicated by dots; the computed
values are represented by curves. From the times we have seen the mean value

}%- (or _]W:’ of the wave theory and (4) of L.ubbock’s) =0.471, and o = 0* 36™; hence,

the age of the tide, or the time requisite for the moon to increase its right ascen-
sion by that amount, becomes. }§ days, or 18 hours. ,

Half-monthly Inegualzty in Height.~The theoretical expressmn for the half
monthly inequality in height of hlgh water is:

n=+ i+ K+ 2 Khcos. 2 ¢p}*
where » expresses the height of the pole of the equilibrium spheroid above the
mean level of the surface; for its application, and according to the wave theory, it
must be changed to: .
n =+ {k* + k* + 2Wh cos. 2 (¢—a)}?

The following table contains the results of the observations from the high and

low waters, and the moon’s superior and inferior transit: ’

From superior transits. From inferior transits. Means.
Moon’s | Height of i Number. Moon’s Height of Number. Height of Number.
transit. | high water. | transit. high water. high water.

| Feet. Feet. Feet.

Ob 31w 121 20 0n 29m 12.2 25 12.1 45
1 29 11.6 ! 22 1 31 i 12.3 21 11.9 43
2 29 11.8 20 2 27 11.8 19 11.8 39
3 29 10.9 21 3 31 11.1 26 11.0 47
4 27 10.5 22 4 33 10.5 20 10.5 42
5 27 ! 9.5 20 5 30 9.4 18 9.5 38
6 29 | 9.1 19 6 34 9.1 20 9.1 39
7 29 ! 9.1 21 7 33 9.6 18 9.3 39
8 32 9.9 24 8 30 9.7 23 9.8 47
9 31 10.4 19 9 30 10.4 19 10.4 88
10 31 111 21 10 29 10.9 19 11.0 40
11 32 11.7 19 11 28 11.5 19 11.6 38
248 247 10.6% 495

From superior transits. From inferior transits. Means.
Moon’s Height of Number. Moon’s Height of Number. Height of Number.
transit. low water. transit. low water. low water.

Feet. Feet. Feet,

Ob 30m 1.7 21 0b 30m 1.1 24 1.4 45
1 29 1.3 23 1 33 11 20 1.2 43
2 30 1.7 20 2 28 1.7 20 L7 40
3 27 2.1 20 3 31 2.0 26 2.0 46
4 27 3.1 22 4 34 3.3 19 3.2 41
5 27 4.1 18 5 30 4.2 17 4.1 35
6 29 4.2 18 6 31 4.6 22 4.4 40
7 29 4.6 21 7 28 4.8 21 4.7 42
8 30 3.7 25 8 29 4.0 24 3.8 49
9 32 2.6 18 9 30 3.0 18 2.8 36
10 32 1.9 22 10 29 1.9 20 1.9 42
11 32 1.3 19 11 28 1.4 19 14 38
247 250 | 2.72 497

1 See Phil. Trans. Royal Soc., 1834 and 1836.

* Encyclopedia Metropohtana Tides and Waves, Art. (535). The expression given by Mr. Lub-
bock is:

h=D + (E) {(1 + —g—) (4)cos. 24 —2¢) + (1 4 %,)cos.%;} ;
for which see his treatise,
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The values for #, & and « were found from the ma:uma and minima values of the
maquahty, viz., for the high water:

y= {1062 + 1.5 +‘318¢:os 2(¢-—-—15°)}
for the low waters:
y= v {2.95_’ + 1.75* —5.16 cos. 2 (p — 15)};
These expressions may be changed to
y=10.6 + 1.5 cos. 2 (¢—15°), and y = 2.7—1.7 cos. 2 (¢—15°);
they leave the following differences between the computed and observed values:—

P
Height of high water. Height of low water.
Moon’s transit. Computed. Observed. Difference. Computed. Observed. Difference.
0n 30= 12.1 12.1 0.0 1.1 14 -+0.3
1 30 12.0 11.9 —0.1 1.1 1.2 0.1
2 30 11.7 11.8 +0.1 1.5 1.7 +0.2
3 30 11.0 1.0 0.0 2.3 2.0 ~0.3
4 30 10.2 10.5 -4-0.3 3.1 3.2 4-0.1
5 30 9.5 9.5 0.0 3.9 4.1 +0.2
6 30 9.1 8.1 0.0 4.3 4.4 4-0.1
7 30 9.2 9.3 +40.1 4.3 4.7 +0.4
8 30 9.5 9.8 +0.3 3.9 3.8 —0.1
§ 30 10.2 10.4 +0.2 3.1 2.8 ~40.3
10 30 11.0 11.0 0.0 2.3 1.9 —0.4
11 30 1.7 11.6 -~0.1 1.5 14 —0.1

The differences may be considered within the uncertainty of the observations.
The annexed diagram shows the comparison given above:—

Observed and compnted half-monthly inequality in height from observations.

Of the high waters. Of the low waters.
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The ratio' of the solar to the lunar tide is deduced with more exaetness from the
inequality in times, and the above value is certainly greater than the average value
deduced at more southern stations. One of the reasons why this ratio is not con-
stant, and which probably applies here, is given in (538, 3) (Tides and Waves),
viz,: If tides are communicated by different channels to the same port, the pro-
portion of the solar and lunar waves will depend on the length of those channels.
This explanation would require a polar tide to enter through Kennedy Channel,
to combine with the principal tide which passes up Baffin’s Bay, and enters by
Smith’s Straits. According to the equilibrium theory, there should be no tide at
the pole, and but a small tide in latitude 78%°; but it is the tide wave propagated
from the Atlantic, which is felt in this part of the polar regions. With regard to
a, its value as found by the heights is more accurate than that found by the times;
the latter gave a = 9°, the former 15° (the same from high and low waters).
Adopting 15°, the retard or age of the tide becomes 1% day, by which interval the
spring and neap tides follow the syzygies and quadratures, respectively. The time-
value of « is here smaller than the height-value, which is more in accordance with
theory than the opposite, as observed at a number of places on the coast of England
(543 and 546, Tides and Waves). Compared with other values of a, the Van Rens-
selaer value appears somewhat smaller than an average at more southern stations.

‘We have further, mean rise and fall of tides at Van Rensselaer Bay 7.9 feet,
range of spring tides 11.1 feet, and range of neap tides 4.7 feet. These numbers
are averages from the discussions of 9% lunations, and obtain without regard to the
diurnal inequality, which will be investigated further on.

Effect of the Changes in the Moon’s Declination and Parallax on the half-monthly
Inequality, in Time.—In reference to the investigation of the half-monthly inequa-
lity, it is comparatively of little consequence which transit of the moon is taken
for comparison ; it is otherwise in the investigation of the effect of a change in the
moon’s declination and parallax, as well as for a similar effect due to the sun, which
latter, however, cannot become a subject of investigation for the tidal series in
hand, on account of its short extent; for the same reason, the variation in the ine-
quality, in height, will have to be passed over. To ascertain the effect due to the
moon’s declination and parallax, an anterior value, corresponding to a certain age
of the tide, is to be taken in the comparison; the preceding investigation gave for
the retard 1% day, each lunitidal interval, minus its corresponding mean value for
the respective hour of the moon’s transit, was therefore tabulated in respect to the
moon’s declination and parallax (separately for each), corresponding to one day ante-
rior to the time of high or low water, thus referring the results to transit E. The
present investigation can only furnish an approximation to the true results; the

1 For comparison of different values for this ratio, the following have been selected : ]!% for London,

0.379%; for Plymouth, 0.407 ; from the discussions of the Superintendent of the U. 8. Coast Survey, for
Key West, 0.325; San Diego, 0.39; and San Francisco, 0.342. (Annual Reports of 1853 and 54.)

S//l
Mmfor Dundee, 0.277; for Brest, 0.346; for Plymouth, 0.294.
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observations, while they give reliable value for the half-monthly inequality, cannet
be expected to give more than an approximation to its variations. For any one
station, and any one inequality or correction to it, special examinations require to
be made to ascertain that trausit of the moon, best suited for the purpose; this has
hardly been done for any standard station, and it suffices to state here that, by
referring to an anterior transit, the whole half-monthly inequality is moved back--
ward through nearly twenty-four minutes for every transit preceding. Upon the
inequality itself, the effect is but of a differential character. Thus to refer our
table to transit E, deduct 24™ from each value.

To concentrate as many values as possible to a mean, the changes of declination
and parallax were grouped for three values. The separate parcels for declination
are for declination 0 to 13°, 13° to 21°, and 21° to 27°.5, irrespective of sign. The
parallax groups are: 54’ to 56, 56’ to 58, and 58 to 61.4. -

The differences of interval for the high and low waters were made out separately,
and, in general, agreed tolerably well. I obtained the following results:—

TABLE SHOWING THE CORBECTION (IN MIN‘J‘TES) TO THE MEAN HOURBLY INTERVAL, FOR A CHANGE IN THE
* MOON’S DECLINATION AND PARALLAX.

Correction to interval for moon’s declination. Correction to interval for moon’s parallax.

Moon’s transit. |  0° to 13°. 13° to 21°. 21° to 27°.5. 54/to 56. | 56 to 58" 58 to 61'.4.
0v 30m — 2= — + b= —12m -+14m —
1 30 +16 — b —18 —17 417 4 5
2 30 421 — 9 —12 —11 412 —2
3 30 423 —11 — 9 — 1 +-20 —10
4 30 + 9 0 —13 — 1 +1 — 3
5 30 414 + 4 —15 416 +19 —36
6 30 — 9 418 —3 4+ 7 — 3 —_2
7 30 41 —13 + 9 4+ 5 — 3 — 8
8 30 — 2 + 9 +15 426 —10 4 8
9 30 — 6 41 422 4+ 9 —11 — 5
10 30 +1 — 6 +10 410 — 9 — 7
11 30 — 3 —2 + 3 4 + 4 + 4
Mean | 4 5m —1m —1m | 4 2w + 4m — pm

No. of observ. 373 262 348 387 244 333

Mean declination 16°.0. . Mean parallax 57.0.

The above table of declination corrections exhibits systematic values for the
periodical part of the lunar effect, or for the term D sin. 2 (p—y). Between 0°
and 13° of declination, the correction is positive for transits between 1* and 7", for
other hours negative; for declinations between 13° and 21° it is positive, between
the hours of 4 and 10 ; .for remaining hours it is negative, and for declinations 21°
to 27°.5, the correction is positive, for hours 7 to 1, and negative for remaining
hours of transit. The quantity D is accordingly about 14 minutes, and y equals
15°, 60°, and 105° respectively. : ‘ ‘

The variation in the inequality due to the changes of the moon’s declination
appears large when compared with its value at other places, but is in confoximity
with the large value of the half-monthly inequality itself,

The periodical part of the parallax correction is of the same form as given above.

10
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The empirical values for the groups of small and middle values of parallax appear
systematic; the values in the last column for large parallax are less regular. The
maximum correction on the average is somewhat greater than one-fourth of an hour.

The corrections to the mean establishment for changes of the sun’s declination
and parallax may be taken as one-third of the corresponding lunar values, and in
the present case will probably not exceed five minutes of time.

The means of each column, containing the non-periodical part, are small, and
appear rather irregular; they are variable with the transit or the moon’s age
adopted in the discussion.'

Diurnal Inequality—We now proceed to the examination of a prominent feature
in the Rensselaer Harbor tides, namely, the diurnal inequality. This inequality
is well marked in the diagrams, Plates I, I, and TII. Although the existence of
this inequality, in height and times, has long been known to practical men, it was
not until about twenty-five years ago that its laws were understood and reduced to
computation by Mr. Whewell? The subject has since been taken up by the
present superintende,nt of the U. S. Coast Survey, Prof. Bache;® his researches
commenced about nine years ago, and resulted in a further extension of the method
of discussion as well as in the recognition of the geogr aphlcal limits of the pheno-
mena on our own coast; further, the discussion of single day tides, produced by
this inequality in extreme cases, and here complicated by an extremely small rise
and fall of the tides, was now successfully accomplished. According to the equi-
librium theory, the diurnal tide ought to be very small in latitude 79°; but viewing
the Rensselaer Harbor tide as a wave, produced principally in the Atlantic, and
propagated through Davis’s and Smith’s Straits, the existence of the diurnal
inequality in so high a northern latitude cannot surprise us. The following notes
were extracted from Captain McClintock’s narrative of the voyage of the « Fox,”

t On this point the reader may consult Whewell’s 9th series of tidal researches: ‘ Laws of the Tides
from a Short Series of Observations,” Phil. Trans. 1838 ; also Airy, “ Tides and Waves,” articles 552
and following.

2 Researches on the Tides, sixth series. On the Results of an Extensive System of Tide Observations
made on the Coasts of Europe and America in June, 1835. By the Rev. W. Whewell. Phil. Trans.
Roy. Soc. 1836.

Researches on the Tides, seventh series. On the Diurnal Inequality of the Height of the Tide, espe-
cially at Plymouth and Singapore. By the same author. Phil. Trans. 1837.

Researches on the Tides, eighth series. On the Progress of the Diurnal Inequality Wave along the
Coasts of Europe. By the same author. Phil. Trans. Roy. Soc. 1837.

3 Note on a Discussion of Tidal Observations at Cat Island in the Gulf of Mexico, by Prof. A. D.
Bache. Coast Survey Report for 1851, App. No. 7; Additional Notes thereto, Coast Survey Report
for 1852, App. No. 22.

On the Tides at Key West and of the Western Coast of the United States. Coast Survey Report for
1853, App- Nos. 27 and 28. By Prof. A. D. Bache.

Comparison of the Diurnal Inequality of the Tides at San Diego, San Francisco, and Astoria, on the
Pacific Coast of the United States. Coast Survey Report for 1854, App. No. 26. By Prof. A. D. Bache.

Approximate Co-Tidal Lines of Diurnal and Semi-Diurnal Tides of the Coast of the United States
on the Gulf of Mexico. Coast Survey Report for 1856, App. No. 35. By Prof. A. D. Bache,

For the theoretical investigation of the diurnal tide, see also Airy’s Tides and Waves, articles 46 and
following ; and articles 562 and following.
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in 1857, °58,°59. Referring to Bellot Strait: “As in Greenland, the night tides
are much higher than the day tides.” Speaking of the ice motion, and remarkin‘”gﬂ
that the tides are the chief cause of it, he says: “Now we know that the night
tides in Greenland greatly exceed the day tides.” Also, when near Buchan Island,
north of Upernavik, and in the vicinity of Cape Shackleton: “ We had grounded
during the day tide, and were floated off by the night tide, which on this coast
occasions a much greater rise and falL.” By the labors of Dr. Kane we now know
that the diurnal inequality extends as high up as 79° of latitude on the north-
western coast of Upper Greenland. In a report of Mr. Sonntag’s to Dr. Kane,
dated Godhavn, Sept. 12, 1855, he says: The mean height of spring tides is 12.8
feet, and at the time of new and full moon high water is at 12* 0=; the highest
spring tide is three days after full moon, and the night tide is at this time fully
three feet higher than the day tide, At Northumberland Island, Sept. 10, 1854,
at (after) the time of full moon high water was at 11* P. M., and the night tide
rose three feet more than the day tide. These statements, crude as they necessarily
are, show that the attention of the party was fully directed to the phenomenon.

A cursory examination of the Plates (I, II, and III) shows that the diurnal
inequality extends without exception over the whole series of observation, that it
is well marked in the difference of the height of high water, but very little or
irregularly in the height of low water; that sometimes the day tide, at other times
the night tide'is the higher of the two occurring in a lunar day; farther, that it
vanishes a day or two after the moon’s crossing the equator, and that it amounts
in maximo to about three feet some time after the moon attains her greatest
declination. There is but one instance where the inequality approximates to the
production of a single day tide. See curve for Nov. 23, 1853.

‘We may now enter somewhat more fully into the discussion of this inequality,
which is produced by the interference of two independent waves, the diurnal and
the semi-diurnal, the former depending for its size chiefly on the moon’s declina-
tion. For a complete study of these compound waves, they require to be examined
in their separate parts, and it would therefore be our first object to effect their
separation into the diurnal and the semi-diurnal; a process which, when graphically
performed, is neither too laborious nor lacking in accuracy; it is nevertheless a
process of some nicety, and requires observations of standard excellence. Upon
trial, I found the less rigorous method employed by Mr. Whewell in his discussion
of the Plymouth and Singapore tides, was better suited to the general mass of the
observations at Van Rensselaer, and that the above described process of separation
had better be reserved to that portion of our observations which are apparently
of the best character. o ‘ ‘ e e

The observed heights of high and low water were laid down graphically, and a
line was drawn by the eye, cutting off the zigzags of the successive high waters,
leaving equal portions above and below the intermediate curve, These dlﬁ'erences
from the mean height were then set off from another axis, aml’ those belongmgtﬁ -
the high water next following the moon’s superior transit were marked by a curve

of dashes; those following the moon’s inferior transit were marked by a curve of ‘/ i

dots. These curves, without exception, were found: "\t'qih@e alternately, as {
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moon has north or south declination, positive and negative ordinates, in perfect
accordance with the equilibrium theory, according to which the tide (high water)
which belongs to a south transit of the moon should be the greater of the two of
the same day, the moon’s declination being north, or should be the smaller of the
two, the moon having south declination; when the moon crosses the equator (or,
according to experience,some time after it), the inequality vanishes; the time by
which the full effect is produced is, as in other cases of the application of this
theory, later than theoretically indicated. On Plate 111 are given specimens of the
diurnal inequality curve, constructed as explained above and on the same scale as
the other diagrams on these plates. By means of the diagrams, the epoch when
the inequality vanishes has been made out as follows:—

TABLE SHOWING THE OBSERVED TIMES WHEN THE DIURNAL INEQUALITY VANISHES, TOGETHER WITH THE
TIME WHEN THE MOON CROSSES THE EQUATOR, AND THE DIFFERENCE OF THESE TIMES, OR THE NUMBER
OF DAYS BY WHICH THE CAUSE PRECEDES THE EFFECT. THIS DIFFERENCE IS ALSO CALLED THE EPOCH.

P !
Year. Inequality l Moon's deeli- | Difference, | Year. Inequality Moon’s decli- } Difference,
disappears. nation equal 0.:  or epoch. disappears. nation equal 0.;  or epoch.
1863 Oct. not observed 154 70 --- 1854 April 284 gb 244 11k 3¢ 21k
“ Oct. 300 210 20 18 | 14 3 “ May 9 24 9 0 1 0
. - 12107 o | - & “ 23 14 21 17 1 21
‘ Rov. 33 Ty 1w 1T « June 7 9 5 10 1 23
¢ “ 27 22 26 i 1 18 “ “ 19 9 17 22 1 11
w Dec. 9 9 8 14 0 1t “ July 5 4 2 17 2 1
o “o25 12 23 13 1 23 “ “ 81 22 29 22 2 0
1854 | Jan. not observed. 5 2 - “ Sept. 9 3 7 22 1 5
R L “ 19 1 .- Remaining observa-; 22 9 ---
“ \ Feb., 3 4 1 10 1 18 tions of S.ries IV,
“ o “ 16 18 15 23 0 19 not sufficiently re-;  Mean. 14 15t
3 12 - i .
“ % Mar. § 13} 28 19 117 liable
L “ 15 0 15 5 0 19
“ Mar. obs’n incompl. 28 4 -
l

The results for the epoch are very regular, and with the exception of part of
the last series, which is of inferior accuracy, no observation has been omitted.
The inequality vanishes at the distance of 1.62 days’ motion of the moon from her
nodes.

The magnitude of the diurnal inequality, and its variation depending on twice
the moon’s declination, was made out by dividing the inequality curves in six parts
between the times of disappearance, and by tabulating the ordinates as well as the
corresponding declination of the moon, the following results were obtained from 12
complete cycles, omitting no value, viz:—

AMOUNT OF DIURNAL INEQUALITY IN THE HEIGHT OF HIGH WATER.

Ordinate. (In feet.) Mean Mean
dh. |declination,
0 0ol o OEOgOIO{O o o] o o o | oo 0°
1 11 21 ] 08 27 10| 03 02| 14| 27| 1.5 15| 1.0 1.4 12
2 0.5 1 291 23 0 4.0 } 421 251 1.0 151 22 201 211 30 23 21
3 15 22 30 46| 40| 28 11| 1.6 22| 31| 20| 20| 25 25
4 16 23 | 30 46| 021 36 | 15 | 1.4 18 | 19 ] 33| 27| 23 22
5| 0s ) 11011 80| 24 12 o7 | 35 22| 10 20| 20| L7] 13
6 o0 oio 0‘0;0 030 0‘0 0o | 0.0 0
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The mean declination corresponds to an epoch 1.6 days anterior, which remark
applies also to the formula dh = € sin. 2 ¥, representing the diurnal ineguality dk
in two successive high or low waters, & being the moon’s declination. For the
value of € we obtain 3.3, which gives us the following eomparison :—

. . DIURNAY, INEQUALITY IN MEIGHT,
(Epoch 1.6 days.)

Moon’s declingtion. Observed dh. Computed dk. Difference.

Feet. Feet. Foet.

o 0.0 ' 0.0 : * 0.6

12 14 1.4 0.0

2 2.3 2.2 0.1

25 2.5 2.5 0.0

22 2.3 2.3 0.0

13 1.7 1.5 0.2

0 0.0 0.0 0.0

The diurnal inequality in time I have tried to exhibit by numbers as well as by
diagrams; it seems, however, that the incidental irregularities in the observations
themselves, coupled with the fact that the observations generally were only made
half-hourly and at other times hourly—so far exceed in magnitude the inequality
itself as to make the effect of the changes of the moon’s declination exceedingly
obscure. The lunitidal intervals (for high and low water) between Oct. 17 and
Dec. 28, 1853, between Jan. 28 and March 7, 1854, and between June 1 and J uly
7, 1854, were tabulated in vertical columns; the means of the alternate values
were tabulated in the 2d column, and placed in the horizontal line opposite the
intermediate value of column one. The numbers in the first column were next
subtracted from the corresponding numbers in the second column, if the interval
belonged to the inferior transit; if belonging to the superior, the values in.the
second column were subtracted from .those in the first. The moon’s declination,
for noon each day, was also set down. The 276 values for diurnal inequality in
time, thus obtained, were plotted. After attempting to deduce an epoch and
arranging the values for different assumptions for epoch, no satisfactory result
could be obtained in any way according with the expression

dy = 9% (e Tubbock, Phil. Trans. 1837),
1+ A cos. %

and the results of the investigation must be confined to the following general
remark. The diurnal inequality in time is in maxima probably not exceeding two
hours ; it seems to be less in amount for the times of high water than for the times
of low water, a result the reverse of that belonging to the inequality in height.
A similar conelusion was arrived at in the discussion of the tides at San’Francich,
Cal. (Prof. A. D. Bache in Coast Survey Report for 1853, p. *81), when the smaller
inequality in height of high water (when compared with that for low water) cor-
responded to the greater inequality in time of high water (when‘ cempme& with
the inequality for low water). Whether the inequality of the h;e:ght,‘fnr hxgher
low water is the greater or smaller depends only on the gpoch of the dmm.al wave
compared with the epoch of the semi-diurnal wave. There is no regular mcrem
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of the inequality corresponding to an increasing (irrespective of sign) declination
of the moon, but the curve appears double-crested about the time of maximum
declination, there being a sudden diminution in the inequality, preceded and fol-
lowed by high values; about the time of the moon’s crossing the equator the
inequality is very irregular.

On Plate IV, the actual separation of the semi-diurnal and the diurnal wave has
been effected graphically, for which purpose a part of the best observations was
selected ; these observations extend over the period from Oct. 30 to Nov. 22, 1853,
The process of decomposition in use in the U. S. Coast Survey was at first an
analytical one, by computing sine curves; since 1855, however, a graphical process,
equivalent thereto, was substituted; this latter method, as introduced by assistant
L. F. Pourtales, may be briefly explained as follows: After the observations are
plotted and a tracing is taken, the traced curves are shifted in epoch 12 (lunar)
hours forward, when a mean curve is pricked off between the observed and traced
curves; this process is repeated after the tracing paper has been shifted 12 hours
backward ; the average or mean pricked curve thus obtained represents the semi-
diurnal wave. On an axis parallel with that on which the time is counted, the
differences between the originally observed and the constructed semi-diurnal wave
were laid off; this constitutes the diurnal curve. In the case in hand I have
simplified the process of separation by blackening the under surface of the tracing
paper with a lead pencil, and running in with a free hand ; the intermediate curves
by the pressure of a style, an average of the two traces thus left on the lower paper,
gave the semi-diurnal wave in quite an expeditious manner. On the diagram, the
diurnal curve with its epoch of high water nearly coinciding with that of the semi-
diurnal wave, appears plainly with its variation in size depending on the moon’s
declination.

Investigation of the Form of the Tide Wave—The shape of the tide wave has
been ascertained in the manner described in art. (479) Tides and Waves, and
depends on the hourly observations of 60 tides, 30 during spring tides and an
equal number during neap tides, that is, the observed heights on the day of the
syzygies and quadratures and on the first and second day after, were tabulated,
forming ten groups of ‘three columns each, from low water to low water. The
columns of an equal number of hours (they vary from 16 hours to 11 hours) were
united in a mean. In order to combine these it was assumed that the interval from
the observed low water to the next following low water corresponds to 360° of
phase, and the time of every intermediate observation was converted into phase by
that proportion. In order to render the observed heights comparable, the range
from high to low water in every half tide (the reading of low water for phase 0
generally not being identical with the reading of the succeeding low water or phase
360°) was supposed to correspond to 2.00, and the elevation above the low water
was converted into number by that proportion, thus furnishing a series of ordinates
for equidistant abscissee. The means of all the phases and corresponding converted
depressions within every 30th degree of phase were then taken with proper regard
to the weights, depending on the number of columns, of equal hours, united at the
commencement of the reduction. By observation of the progress of the numbers,
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it was easy to alter the latter so :as to make them exactly eori‘espand” to the phases
30°, 60° 90°, 120° etc. In this manner the following numbers have been
obtained :— ' ‘ o

-

FOR THE S8PRING-TIDE WAVE OCOUBRRING ONE AND A QUARTER DAY AFTER FULL AND NEW MOON.

Phase of groups. Proportional height above low water.
Mean, Mean.
0° 0° 0° 0° 0° 0° 0.00 4 0,00 | 0. 0.00 | 0.00 | 0.00
26 28 30 33 | .88 30 0:06 | 023 | 024 ] 027 010 0.21
51 55 60 65 72 59 0.32 1 0.68 | 090 | 0.90 | 0.46 | 0.1
77 83 90 98 | 108 89 091 § 113 1.86 | 1.32 | 1.17 | 124
103 1111 120 | 131 | 144 | 120 1.39 | 1681 1.73 | 1.76 | 152 | 1.70
129 1 138 | 150 | 164 | 180 | 156 1.84 | 204 1 198 | 193 | 2.00 | 1.95
154 | 166 | 180 | 196 | 216 | 180 1.94 | 198 | 2.00 | 2.00 | 1.88 { 2.00
180 194 | 210 | 229 | 252 | 208 200 | 200 ] 184 ] 1.56 ) 1.23 | 1.88
206 | 222 | 240 | 262 | 288 | 237 1.84 | 1.84 | 145 | 115 ] 0.70 | 1.46
231 | 249 | 270 | 204 | 324 | 270 1.5 | 123! 1.00 | 0.65 | 0.41 | 0.97
257 | 277 | 300 | 327 | 360 | 300 114 | 079 | 0.27 ] 0.25 | 0.00 | 0.37
283 {305 | 330 | 360 330 0.60 | 0.40 | 017 | 0.00 0.17
309 | 332 | 360 % 360 0.15 | 0.18 | 0.00 0.00
334 | 360 0.02 | 0.00 1
360 . 0.00
Weight| 5 4 13 i 1 Weight 5 4 13 7 1.

The columns headed “mean” show the ordinates of the waves for (nearly)
equidistant intervals of time. / } ,
The following table contains the corresponding numbers for the neap tide wave
occurring 11 day after the first and last quarter, and as derived from 30 tides

observed hourly from low to low water:—

Phase of groups. Proportional height above Jow water.

Mean. i Mean,
0° 0.00 :
24 o° 0.07 ; 0.00
48 26 0° 0.26 | 0.17 1 0.00 :

72 51 28 0° 0° 0.49 1 0.55 | 0.24 : 0.00 | 0.00
96 ki 55 30 0° 29 ) 0.89 | 1.11 {-0.59.| 0.20" 0.60 0.20 §
120 | 103 83 60 33 0° | 58 1.19 1 1.53 | 0.93 ! 0.50 | 0.60 | 0.00 ] 0,52
144 | 129 | 111 90 65 36 89 1.55|1.8311.35 | 1.05 . 1.02 | 0.00 +1.08
168 | 154 | 138 | 120 98 72 | 119 0.82 12.00{1.73 {1.60 { 1.44 1 0.35 | 1.51
192 | 180 | 166 | 150 | 131 | 108 | 147 2.00 11.95 1 2.00 | 1.85 -1.81 | 1.06 [ 1.82
216 | 206 {194 | 180 | 164 | 144 | 180 1.92 1 1.62 | 1.96 | 2.00 | 2.00 | 1.88 | 1.97
240 {231 | 222 | 210 | 196 | 180 | 213 1.64 11.4311.72: 2,00 { 1.72 | 2.00 | 1.84
264 | 257 | 249 | 240 | 229 | 216 | 241 1.25 1109 1 1.32 | 1.84 1 1.48 | 1.63 | 158
288 | 283 | 277 | 270 | 262 252 | 271 0.94 [ 0.67 1 0.80 11,37 | 0.79 1 0.99 { 1.08"
312 {3090 (305 | 300 | 294 | 288 | 301 0.5170.240.32 1 0.79° 0.15 ] 0.10 | 0.58
336 {334 {332 | 330 | 327 324 | 331 0.23 | 0,051 0.04 | 0.42 1 0.00 | 0.00 0.2221,,
260 1360 | 360 | 360 | 360 | 360 | 360 0.00 } 0.00 | 0.00 { 0.00 ‘ 0.00 | 6,001 0.00
Weight| 3 4 8 | 13| 1 1 Weight| 3 | 4 | 8 | 13 ’ 143

The results are represented in the annexed diagram. The result for the neap
tide curve has also been multiplied by 47, the ratio of neap and spring tide range
as found on a preceding page, and was increased by 0.5 to refer it to the same
level. : B e
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The full curves in the diagram show the form of the,spring and neap tide wave
(the scales being arbitrary), to which has been added for convenient comparison
the dotted curve representing the neap tide wave on the same relative scale as the
spring tide wave. It is apparent that the spring tide wave is slightly steeper
between low and high water than between high and low water, and that the neap
tide wave is very nearly symmetrical in respect to rise and fall.

We have seen that the duration of rise is 6® 04™.7, hence the duration of fall
will be 6" 19.27; or in making ebb the time is 15 minutes greater than in making
flood, a circumstance in conformity with the shape of the curves of rise and fall.
This holds good for an average tide; according to art. (510) Tides and Waves, if
the place of observation is not far from the sea, or, as in our case, in a bay, the
water will occupy a shorter time to rise than to fall, and the inequality will be
greater at spring tides than at neap tides; this is fully illustrated in the preceding
diagram, the spring tide wave being the steeper of the two.

The form of the tide waves will be found closely represented by the following
expressions:—

For the spring tide wave—
’ 5.83 + 5.58 sin. (6 + 278°) + 0.20 sin. (2 6 + 281°);
For the neap tide wave— .
2.42 + 2.25 sin. (0 + 269°) + 0.09 sin. (2 6 + 290°);
in which expressions the angle 6 counts from low water to low water, from 0 to
360°, and the height of the wave is expressed in feet.

The relative numbers, given above, as the ordinates, have been changed in the
proportion of 2 to 11.1 for the higher and of 2 to 4.7 for the lower wave. The
following table shows the agreement between observation and the numerical
expressions, in which the 3d and higher terms are zero:—
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" ‘PORM OF THE TIDE WAVE AT VAN BENSSELAER HAREOR.

Height of Spring tide, in feet, - ‘ Height of neap tide, in feet.
Phase. : Observed. i Computed. Observed. “  Computed.
0 0.0 j 0.1 0.0 0.1
30 1.2 i 1.4 0.5 0.4
60 3.9 ; 3.9 - 1.3 1.3
90 8.9 i 6.8 2.5 2.5
120 9.4 ! 9.3 3.5 3.5
150 10.7 : 10.9 4.3 4.3
180 11.1.. ; 111 4.6 ! 4.6
210 10,4 : 10.2 4.3 4.4 s
240 7.9 8.0 3.7 3.7 H
270 5.4 5.3 2.5 2.5
300 2.1 2.4 1.3 1.3
830 0.9 0.5 0.5 0.4
360 ‘ 0.0 : 0.1 0.0 0.1
| I

Respecting the effect of the wind and ice on the tides, it may be remarked that
the former can only be slight, since the sea is protected from the direct action of
the wind by its icy cover for the greater part of the year. When the sea is par-
tially open, the effect becomes sensible, as may be seen by the following note
extracted from the log-book : —

“ August 17, 1853. The above records show a heavy gale from the southward
gradually hauling to the eastward; the'effect of this gale on the tides was very
marked ; our flood rose two feet above any previous register, overflowing the ground
ice, and our last ebb or outgoing tide was hardly perceptible.” The ice crust can-
not sensibly affect (by friction on its lower surface) the progress of the tide wave,
and will certainly not sensibly interfere (by friction on the ice foot and breakage
of the ice fields) with the rise and fall of the tide.

Progress of the Tide Wave—The tide at Van Rensselaer Harbor may be taken
as a derived tide, and transmitted to it from the Atlantic Ocean, and in part modi-
fied by the small tide originating in the waters of Baffin’s Bay; which latter tide,
however, must necessarily be small, particularly on account of the general direction
of the bay, which is very unfavorable for the production of a tide wave. That the
tide wave is travelling up along the western coast of Greenland, or, in other words,
reaches Van Rensselaer Harbor from the southward, may be seen from the follow-
ing observed establishments’:—

Holsteinborg Harbor, latitude 66° 56, longitude 53° 42. High water at F. & C.
6" 30™. Spring tides rise 10 feet.—Capt. Inglefield, 1853.

Whalefish Islands (near Disco), latitude 68° 59, longitude 53° 13. Time of
high water F. & C. 8" 15”. Highest tide 73 feet.—Parry’s 3d Voyage of Discovery.

Godhavn (Disco), latitude 69° 12, longitude 53° 28'. Tidal hour 9" Bxse and
fall 7% feet.—See Map in Narrative of Kane’s First Voyage.

Upernavik, latitude 72° 47, longitude 56° 03.° High water at F. & C. 118
Rise 8, feet.—Capt. Inglefield, 1854. ;

Wolstenholm Sound, latitude 76° 33', longitude 68° 56 High waber at F. & C.

11® 8= Rise, both at spring and neaps, 7 to 7} feet.—(See Admiralty Chark of b

Baffin’s Bay, sheet 1, 1853, corrected to 1859.) The observations themselves, ‘ta‘kea
by Captain Saunders of H, M. 8. North Star, in 1849 and 1850, were kmdly fur-
1n ' : : iy :
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nished to Prof. Bache by the Hydrographer to the Admiralty, Captain J. Wash-
ington, R. N., and are given in the appendix to this paper. And finally,

Van Rensselaer Harbor, latitude 78° 37, longitude 70° 53'. High water at
F. & C. 11" 50™, as derived from the preceding analytical expression. Rise and
fall at spring tide 11.1 feet, at neap tide 4.7 feet, average range 7.9 feet.

By means of the difference in the establishments of Holsteinborg and Van
Rensselaer, we can obtain an approximation to the depth of Baffin’s Bay and Smith’s
Straits, viz :—

Tidal hour. Longitude. Sum. Difference. ‘
Holsteinborg 6" 30™ 3k g5m 10" 05 oh 9gm { Difference corrected for the
Van Rensselaer 11 50 4 43 16 33 ‘ | moon’s motion 6" 26m.

Assuming the distance along the channel to be 770 nautical miles, we have a
velocity of the tide wave of about 202 feet in a second, which, according to Airy’s
table (174), Tides and Waves, would correspond to a depth of nearly 1800 feet, or
about 220 fathoms—a result probably smaller than the true value, since the other
observations indicate a greater depth, it may be taken as an inferior limit; in the
same manner we find from the co tidal hours of Upernavik and Van Rensselaer a
depth of near 800 fathoms, and a similar result from the Wolstenholm observa-
tions; this last result may perhaps he taken as an upper limit.

Soundings.—The following soundings have been copied from the log-book :—

June 19, 1853, Tat. 517 127, long. 52° &' (government sounding twine and 32-pound shot).

Chronometer time. Mark.
CUNF LIS Red, started.
19 1o White,
A2 10 Bottom, with 178 fathoms; shot brought up with gray mud

and fine sand. The line was afterwards measured.

June 26, 1853, Lat. 59° 48', long. 50° 3’ (government sounding twine and 32-pound shot).

Chronometer time. Mark. Chronometer time, Mark.
3* H6™ 358 Started 75 fathoms from the next mark. 4> 21= 25¢ White.
57 25 Red. 25 10 Red.

58 50 White. 29 15 White.
4 00 37 Red. 33 25 Red.
2 48 Black. 37 30 Blaek.
5 16 White. 432 0 White.
g8 0 Red. 16 30 Red.
11 0 White. 51 15 ‘White.
14 5 Red. 56 O Red.
----- Miszed the mark. 58 0 Bottom with 18147 fa-

thoms, line cut.

August 1, 1838 Melville Bay. lat. 75° 407, long. 62° 12 (government sounding twine and 32-pound

shot).
Chronometer time. Mark.
A 4T L, 60 Started.
48 8 Red.

49 40 ‘White.

51 40 Red.

54 0 Black, :

54 45 Bottom with 429 fathoms; shot brought up with dark
green sand (specimen preserved). ’



APPENDIX.

TipAL OBSERVATIONS MADE ON BOARD H. M. 8. NorrH STAR, COMMANDER SAUNDERS, AT THE,.
WinTER QUARTERS IN WorsteNaoLM Sounn. (FroM taE Sair’s Log.)

Dars. High water. Low water. Datg, High water. Low water.
1849. Time. | Height. | Time. | Height. 1850. Time. | Height. | Time. | Height. |
Ft. In. Fi. In. : Ft. In. Pt In.
Nov. 16, A. M. | 122 0= | 78 O 4b 0m | 69 4 Mar. 13, P. M. 6 0= | 63 O
“ 17, ALM. 530 17011 “ 19,A.M. | 32 0m | 75 6
“ 17, P.M.| 030 {78 6 “ 19, P. M. ' 11 0 {7010
“ 29,AM 11 0 |76 5 5 0 |71 4 “ 27,P.M. 111 07176 2 530 |67 9
“ 30,ALM. 10 0 [ 79 1 430 170 0 April 4, AL M. i 12 0 (69 9
Dec. 14,P.M. /11 0 {69 6 6 0 166 2 “« 4PM! 40 172 2 ’
“« 22 P.M.{ 4 0 {70 9 1030 ;65 4 “« 12,AM. 11130 70 1 5 0 |69 2
“ 29 AM 111 0 | 7310 330 64 © “ 2,AM 11 0 ;70 3 5 06 |69 2
1858 May 4P.M. | 5 0 17 O
Jan. 13,A.M. /12 0 |71 6 530 |64 2 “« 19, A.M. | 530 77 2
“« 2LP.M.] 4 0 (70 4 [1030 {65 1 * .19, P. M. 113 {72 6
« 97 AM. |11 0 |72 4 | 530 |64 2 “ 26,AM.; 1 0 |7510 6 0 {69 0O
Feb. 3,P.M.| 330 [ 70 O 9 0 6310 June 2,P.M. | 1 0 6811
“« 19,P.M. 0 4 0 ;70 3 930 |66 8 “ 23,P.M. 111 0 174 4
Maech 5, P.M. | 430 [ 70 0 10 0 | 6610 July 9,P.M. |11 0 7410 3 0 1661
“ 13, A. M. i 1130 ;176 0 . :

From the rongh manner with which the above observations appear to have been made, an approxi-
mate establishment and rise of tide only can be deduced from them.
H. W. F. and C. appears to take place between XI* 0™ and XI" 15%, say XI" 8%, and the nae both
at springs and neaps from 7 to 7} feet. .
(Bigned) JNO. BURWOOD, Masrer R. N,
( Tide Computer).

ApMIRALTY, 3d July, 1860.
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